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THE THUNDER-STORM. 



There ia, perhaps, nothing in the whole natural 
world more calculated to impress ue with a sense 
of the majesty and power of the Creator, than 
the phenomena of a thmider-storm. The regularly 
recurring events of nature — the change of seasons, 
B 2 



4 THE THinn>ER-STORM. 

the atarry heavens by night, and the variety and 
beauty of the clouds by day, — the winds, the 
showers, the dew, the frost and the bdow, — such 
events and objects seem to be so much in the 
ordinary course of things, that they cease to occupy 
our daily thoughts and attention. But who can 
close his eyes to the lightning's dazzling flash, or 
his ears to the mighty voice of the thunder ? who 
does not feel anxious, when the rain descends in 
torrents from the thunder-cloud, or the hail pours 
down with destructive violence ? At such times 
(which, happily, in our climate, are not frequent,) 
we feel, as it were, overcome with a sense of our 
own weakness and littleness, and participate in 
that dread which the inspired Psalmist imputes 
to the elements themselves. 

" The waters saw thee, O God, the waters 
saw thee ; they were afrwd : the depths also were 
troubled. 

" The clouds poured out water : the skies sent 
out a sound : thine arrows also went abroad. 

" The voice of thy thunder was in the heaven : 
the lightnings lightened the world : the earth 
trembled and shook." Psahn Ixxvii. 16 — 18. 

Most persons are acqumnted with the first 
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appearance of a thunder-Btorm. It ie generally 
preceded by an oppressive heat of the atmosphere, 
and an awfiil etillnesB, with little or no wind. 
But soon the clear and serene sky is obscured by 
low and dense clouds of irregular shapes, and the 
wind comes in fitful gusts to spread them over the 
heavens; other clouds, more thick and obscure, 
follow these, and they are all agitated with various 
motions. While some are moving about in one 
direction, others below them are driven in an oppo- 
site course. At the same time may generally be 
observed one dense cloud, which increases rapidly 
in size, and rises into the higher regions of the air. 
Its lower surface is black and nearly level, but the 
upper is finely arched and well defined. This 
cloud is increased by others, which pile themselves 
one over another ; all are arched the same way, 
and they continue to unite, to swell, and to extend 
their arches. The smaller clouds are attracted by 
this large one, and serve to increase its dimensions; 
but sometimes the large thunder-cloud does not 
gather up the smaller ones, but continues to 
increase rapidly in size, presenting towards the 
earth a ragged surface, which swells into large 
projecting masses ; in other cases one whole side 
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of the cloud inclinea towards tlie earth. At last 
it IB seen to darken fearfully ; flashes of blue light 
dart with inconceiyable rapidity from odb part to 
aootber, and after a few eeconda the rumbling 
noise of distant thunder is heard. The gky 
becomes yet more obscure, the lightning more 
frequent and vivid, the thunder more loud, and 
following the lightning at a shorter interval. A 
Bolenm gloom is spread over the face of nature ; 
the husbandman quits the fields, the fisherman his 
nets, — birds are no longer on the wing ; cattle run 
about in wild dismay, or crowd for shelter from 
the impending danger. Man himself partakes of 
the general dread, and sits at home in the midst of 
his silent and anxtooa family. The storm is now 
at its height ; rain or hail descends heavily ; the 
accumulated electricity of the clouds strikes to- 
wards the earth, shivering the lofty tower or the 
mighty oak in its passage. These tremendous 
phenomena often make the circuit of the whole 
horizon, till at length the thunder-clouds becoming 
exhausted, get less and less dense, and finally 
break up altogether, showing a clear, smiling sky. 
All nature is refreshed, — the earth is no longer 
parched with thirst,— 'the vegetable world looks 
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bright and green and glittering, — the birda unite 
in a chorus of love and gratitude, — the cattle view 
the refreshing scene with complacent gaze, and 
man resumes his occupations, breathing a cooler 
and more refreshing air, and presenting the thank- 
offering of a grateful heart. 

The thunder-storms of our own country are 
touch leea violent and of shorter duration than 
those which occur iu continents and in the warmer 
re^ons of the earth. In mountainous countries 
they are very frequent, and often continue to rage 
during three or four days. In the vidnity of the 
central or highest range of the Pyrenees, they are 
most common during the spring and autumn, 
although few weeks throughout the year pass 
over in which they do not take place. Their 
duration extends to the third or fourth day from 
their commencement, and the peasants look for- 
ward to their termination at the end of that period 
with conHdence, and form their plans as if the 
circumstance were a certiunty; should a storm 
endure for a week, it is regarded as an extraordinary 
event. 

A few years ago, however, a storm of unwonted 
violence and duration visited the Pyrenees. During 
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the firat three orfour days it was almost disregarded 
hj the peasantry; they thought that a limited 
period was assigned for this warring of the elements, 
and never imaged the eufierings to which they 
would be subjected, should the storm be unusually 
lengthened. Accordingly, they adopted no pre- 
cautionary measures; they collected no provisions; 
they did not conceive it necessary to withdraw the 
shepherds and their flocks from the mountains, 
and they felt no uneasiness as to their safety. 
But the fourth day passed ; then the week ; and 
still there was no abatement in the violence of the 
storm. " You can have no idea of its awftilness," 
said an inhabitant to Mr. Murray; "it seemed 
as if the mountains which surrounded our valley 
were fighting with each other, and their weapons 
the thunders and the lightnings. The incessant 
peals hurled from one summit to another, rolled 
back again with more stunning crashings ; the 
lightnings played around our cottages, and during 
the darkness of the night illuminated the mountain 
tops ; those fantastic-looking peaks every instant 
appeared shrouded in a blaze of light ; while the 
rain descended in torrents, which no cottage roof 
could resist, and which threatened to sweep our 
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dwellings from their foundations, and wash ns into 
the river, whose swollen waters, rising far above 
the limits of their highest floods, were already 
robbing ua of our property. Our thoughts were 
at first directed to the danger of the shepherds and 
their flocks, but to them it was impossible to 
render assbtance ; the strongest man amongst us 
could not have braved the hurricane for an hour ; 
80 we were obliged to leave them to their fate, and 
bethink us of our own. 

" Weeks succeeded weeks, and still the terrible 
scene was the same. There was no abatement in 
the thunderings, no interval in the lightnings, nor 
cessation in the rmns. We gave ourselves up for 
lost, and believed that ' the end of all things was 
at hand.' It became apparent that death by 
famine, or perishing in the waters which raged 
around us, was the fate which shortly awaited all 
of U8. Silent, etupified sorrow overwhelmed us, 
and our feelings were fast drying up ; when in the 
end of the sixth week peace again reigned in the 
valley, and the clouds cleared away. The change 
which the first knowledge of the fact wrought upon 
our despairing minds may Be conceived, but can- 
not be described." 

DinivHi,, Google 
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It appears that the shepherds in the mountains 
outlived this storm ; but the greater part of their 
cattle and sheep Iiad perished. At the time of 
Mr. Murray's visit the traces of the storm were 
fearful to behold. "The village of St. Lary, 
situated in the centre of a beautiful basin, sur- 
rounded by fertile fields and rich meadows, of 
which each fiimily had its own little portion, was 
one of the most contented and happy in the whole 
district, until this fearful storm took place. The 
Bwollen river, whose channel through the upper 
part of the valley had become nearly choked up 
by immense quantities of debris, and the enormous 
rocks which each mountain stream, nourished by 
the nuns into a mighty torrrent, had swept from 
its steeps, and torn from precipices, having at last 
acquired sufficient force to overcome all the bar- 
riers which obstructed its progress through the 
contracted defiles of Flan and Aragnouet, dashing 
into its resistless flood, the natural bulwarks which 
for ages had stemmed its most rebellious ciirrents, 
burst from the gorge of St Lary, and, teeming 
with the spoils of its destructive course, spread its 
abundant harvest oyer the defenceless valley. 
The first burst of its pent-up wrath was wreaked 
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upon the commune of St. Lary. The inhabitantB 
. were driveo from their village, the greater part of 
which was buried beneath the ruine of the upper 
valleya, and their smiling fieldB, their verdant 
meadows, — their little all was by this fell swoop of 
desolation for ever lost to them." 

In another part, " the sad aspect of the sceoe 
was greatly enhanced by the solitary patches <rf 
productive land, wluch, saved by the current's 
being turned aside by a hedgerow or clump of 
trees, yielded its wonted returns, surrounded by 
barrenness and sterility." 

A thunder-storm among the gladera of the 
Alps, is also marked with fearful sublimity. 
From the windows of the little inn which com- 
mands a view of the glacier of the Mer de Gla«e, 
Professor Forbes watched with admiration the 
whole scenery of the glacier, lit up by the explo- 
sive lightnings which followed for some hours with 
little intermission, whilst the frail building seemed 
to rock under the fury of the gale, and vibrate to 
every peal of thunder. Each tiny torrent now 
gave tongue increasingly, until the fitful roar be- 
came a steady din, with now and then a crash 
wising from the discharge of stones hurried along 
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by the flood, or an avalanche prematurely torn 
from the glacier of the Mont Blanc. 

But a Btorm witnessed from such a shelter as 
this, howeyer mean, has few terrors, compared 
with that which oyertakes the unsheltered tra- 
veller, while toiling among the precipiceB, the 
rough ice, and the treacherous snows of these 
sublime regions. In his descent from the summit 
of Mont Blanc, Mr. Auldjo encountered a thunder- 
storm. He at)d his guides were toiling through 
the snow, now softened by heavy showers of sleet, 
when tremendous flashes of lightning burst upon 
them ; hail beat down with great force, the shower 
being thick and the stones of very large «ze. 
" I threw myself on the rock," says Mr. Auldjo, 
"and was covered with a sheet hastily unpacked; 
under which, notwithstanding the beatii^ of the 
hail, and the wet uncomfortable state of my 
clothes, and the thunder above, I almost imme- 
diately fell asleep, and continued so about a 
quarter of an hour, when I was startled by a 
dreadful clap of thunder right over me. I 
attempted to rise, but could not disentangle my- 
self from the sheet ; the weight of the hail which 
had fallen upon it, and the awkward and dan- 
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geroua position in which I was placed on the 
rock, rendered me incapable of extricating myself 
without assistance. I called to the guides, but 
none heard me ; they had dispersed over the rock 
in search of shelter, and no voice answering mine, 
I became greatly alarmed. The storm began to 
abate, and after having lasted twenty-five minutes, 
entirely ceased. I was soon extricated from my 
unpleasant situation ; and as it appeared likely to 
continue fine, we agreed to start off instantly," 
After proceeding some way, they unfortunately 
missed the route, and became entangled in the 
crevices of the glacier, " To add to our misfor- 
tune, the storm recommenced with greater violence 
than before ; the hailstones, large and sharp, 
driven with force by the wind, inflicted great p^n 
on the face ; we were exposed to it, standing on 
a narrow ledge overhanging an abyss. In this 
situation we awMted for a short time the return of 
two guides, sent to explore the crevices and banks 
around us, in an endeavour to discover the route 
of our ascent, but with very little hope of success ; 
indeed, it was greatly feared that we should have 
to remain where we were for that night. Tre- 
mendous gusts of wind now burst upon as, and 
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the fltorm increasing every inetant, compelled db' 
to seek some place in the glacier in which we 
conld obtfun shelter, following the footmarks of 
the guides who had gone forward, we succeeded 
in finding a receaSf formed by the projection of a 
part of the glacier over a narrow ledge in the side 
of a deep oreTice. Along this we moved with 
great care, and had just space to stand in a bend- 
ing posture, and in a row.* I was wet through, 
and suffered excruciating torture from the cold 
and the position I was obliged to remain in. 
The storm raged with most awful fury ; the 
gusts of wind, and pelting showers of hail, accom- 
panied by most vivid lightning, alternating with a 
perfect calm, were enough to appal the bravest of 
the party." Afler w^ting some time in this 
situation, they heard in one of those moments of 
calm, the loud halloo of one of the exploring guides 
who had found the route. Our traveller was so 
benumbed with cold that he could not keep him- 
self from falling. Supported by one of the guides, 
he proceeded along the narrow ledge ; " the 
lightning flashed every moment, immediately fol- 

■ See FroatUpiece to lliia Ctuipler. 
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lowed or rather accompanied by claps of thunder, 
ahowing its proximity to us ; and the loud peal 
rolling among the mountains and glaciers, rever- 
berated with moBt terrific grandeur, shaking the 
broken masses of the latter in such a manner, that 
we dreaded, at every explosion, to be hurled into 
the deep crevice, or crushed by the fall of some 
part of the glacier." 

In order to get to a lower level, it was necessary 
to cut steps in the perpendicular wall of cliff 
down which the guides descended; but as our 
traveller had nearly lost all feeling from the effects 
of the cold, he was let down by means of a 
rope. " At the very moment that I was rocking 
in the air, a flash of lightning penetrated into the 
abyss, and showed all the horrors of my situation ; 
while the crash of the thunder seemed to tear the 
glacier down upon me. I was drawn on to the neck 
of ice, and sat down until the other guides had 
descended. .... All suffered dreadfully from the 
cold, but with a solicitude for which I shall ever 
be deeply grateful, they still attended me in the 
kindest manner. They desired me to stand up, 
and forming a circle, in the centre of which I 
stood, closed round mo. In a few minutes, the 
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warmtli of their bodies extended itself to mine, 
and I felt much relieved ; they then took off their 
coats, covering me with them, and each in turn 
put my hands into his bosom, while another lay on 
my feet," In this way our traveller was soon 
sufficiently revived to be able to proceed and 
escape &om the dangers of these terrible scenes, 
convinced, it is hoped, that a higher motive than 
idle curiosity, or the equally idle boast of having 
ascended a high mountiun, is necessary, before 
exposing the Uves of so many human beings to 
danger. 

With far greater interest and sympathy do we 
read of the accidents which befall those travellers 
who are engaged in some good and useful mission : 
such a traveller was Mr. BurcheU, who some 
years ago undertook a journey into the interior 
of Southern Africa, for the purpose of inquiring 
into the condition of the natives, with a view to 
its amelioration. In the wide plains of this deso- 
late region, thunder-stormfl are remarkable for 
their suddenness and short duration, Mr. 
Burchell notices one of these storms, which oc- 
curred in the middle of September. He says, 
"The lightning began to flash, and the most 
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tremendous peaJs of thunder buret over our heads. 
In an instant, without perhaps more than one 
minute's notice, a black cloud, which had formed 
euddenlj, emptied its contents upon ua, pouring 
down like a torrent, and drenching every thing 
with water. The parched earth became, in the 
short time of five minutes, covered with ponds. 
The rain ceased as suddenly as it came on; leav- 
ing me both startled and surprised at this speci- 
men of an African thunder-shower. We passed all 
at once from the deluged to the arid and dusty 
ground ; the distance of thirty or forty yards 
being all that intervened between these extremes. 
Mention had often been made to me, while in Cape 
Town, of the heavy thunder-showers of the in- 
terior; but their sudden violence far exceeded all 
that I had irat^ined." Some days later he de- 
scribes another of these sudden storms, accom- 
panied with heavy rain and hail, and the most 
tremendous peals of thunder. " One explosion, in 
particular, seemed to have taken place within 200 
yards of us : it sounded like the simultaneous 
firing of a dozen cannons, the effect of which was 
even increased by the sound being reiterated in 
echoes several times repeated, rolling through the 
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mountwns. The wind increased to a furiouB 
hurricane ; and dust, sticks, and fine gravel filled 
the air. This storm lasted but a quarter of an 
hour, and was immediately succeeded by a dead 
calm and a cloudless sky. The thermometer, be- 
fore the commencement of the rain and thunder, 
stood at 79 J°; during its continuance it fell to 
64° ; and on the termination rose agun to 74°. 
The weather remained undisturbed and pleasant 
for three hours ; but at sunset the hurricane re- 
turned with redoubled fury. Nothing could exceed 
the violence of the thunder ; and the vivid glare 
of the lightning often blinded us for a whole 
minute. The run poured down as though it 
would wash us out of the valley ; and the wind 
blew with a force that was near overturning the 
waggons. This second tempest lasted half an 
hour, after which the weather continued calm and 
quiet the whole night." 

On another occasion a thunder-storm overtook 
this interesting traveller at nightfall, in the midst 
of an open plain ; and m the bleak and exposed 
situation of the party made it difBcuIt to reetrun 
the oxen from straying away in the night, they 
placed the waggons in a circle, connected them to- 
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getber with drag-ropee, to whicli, as Avell as to the 
wheels, the cattle were miide fast. "Thunder-clouds 
collected in every quarter, and the night became 
excessively dark; untO some black, formidable and 
massy clouds, which seemed to have the solidity of 
rocks, burst open all at once, and, with very little 
thunder, emitted every instant the most vivid 
flashes of lightning; which, although they ren- 
dered for the moment every object as light and 
visible as by day, left ub in the intervals blinded 
by impenetrable darkness. In addition to this, 
torrents of the heaviest rain poured down upon 
us, and if it did not throw us, as it did our cattle, 
into confusion, it impeded, however, the work 
which was necessary to be dope, and left us sup- 
perless, through the difficulty of keeping up a fire 
for cooking. 

■" Such nights, I already knew, by dear-bought 
experience, fevour the prowling lion, and seem to 
give him a spirit of daringness which he seldom 
evinces at other times. Taking advantage of the 
disorder and confusion into which the other animals 
are thrown by the confiicting elements, which 
make no impression upon him, he appears to ad- 
vance upon them wiUi less caution than usual. 
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TLis, at least, waa now found to be the case ; for 
at a little after nines while all of ua were lying in 
the wagons, the d(^8 commenced barking and 
howling ; the whole of the oxen suddenly made 
efforts to get loose, and began to express that pe- 
culiar uneasiness which, in a very intelligible man- 
ner, told us that a lion was not far off. There is 
probably something in the smell of this beast quite 
different from that of others, by which, at a great 
distance, especially if to windward, hia prey per- 
ceiyes his approach, aud are warned to escape their 
danger by instant flight. It was this natural or 
instinctive propensity to fly, which occasioned our 
oxen to struggle and endeavour to get loose ; but 
fortunately for them, the strength of the leather 
halters prevented their doing this. Yet their efforts 
to disengage themselves were so violent, that my 
waggon was in great risk of being overturned ; and 
for some time it was unsafe to remain in it. A 
fire is generally suflicient to hold the lion at a dis- 
tance ; but ours was extinguished by the rain ; on 
which account he pressed closer upon us. Fortu- 
nately, some muskets fired at random, or wmed 
only by guess, had the effect not only of keeping 
him off, but of quieting, in a great degree, the 
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restlessnesB of tbe cattle. The Hottentots eay, 
that the oxen have sagacity enough to know that 
thedischarge of muekete, under such circumstanceB, 
is for the purpose of driving away their dreaded 
enemy ; and whatever may he the notions of these 
poor animals on the subject, such is certiunly the 
effect commonly produced on them. Perhaps it is 
that a certain inatinct they may possess enables 
them to discover that the beast does actually retreat 
when muskets are fired off. We could discover, 
from an unusual and peculiar barking of the dogs, 
that he continued prowling round us till midnight; 
but his fears to encounter man were the only ob- 
stacle to prevent his carrying off his prey ; and 
finding it thus too strongly protected, he at last 
withdrew. All then became quiet, and we i^tun 
lay ourselves down to rest till morning." The next 
day the weather was fine, but very hot ; and the 
moisture of the air Irom the storm caused a great 
sensation of lassitude, which rendered travelling 
very fatiguing. 

In the following March the same traveller no» 
tices a shower of rain and hail so violent, that his 
horse refused to face it ; the party was therefore 
obliged to halt, and- turn their bat^s to the Btorm. 
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*' The loudest claps of thunder buret over our 
heads, and followed the Wishes of lightning without 
any perceptible interval of time. I could not die- 
cover in our Buehmen any symptoms of fear, 
though nothing could be more awful than the 
thunder, which seemed close above us, and ex- 
ploded with a violence almost sufficient to destroy 
the hearing." 

The extreme loudnesB and violence of the thun- 
der which excited the surprise of the traveller last 
quoted, has also been noticed by some of the ex- 
plorers of Australia. Captain Grey, in an excur- 
sion up Prince Regent's river, encountered a storm 
in the more contracted channel of the river, " The 
pealing echoes of the thunder, as they bounded 
from height to height, and from cliff to cliff, were 
awfully m^;nificent ; whilst the rugged mountains 
which had just before looked golden in the bright 
light of the setting sun, were now shrouded in 
gloomy mists, and capped with dark clouds, from 
which issued incessant and dazzling flashes of 
lightning." 

Mr. Bennett, also, who was travelling during 
the summer season (December) in New South 
Wales, on an excuraon to the but little known 
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country about the Tumat river, was overtaken by 
Bome heavy clouds which had collected from the 
westward; they poured down a deluge of rain, 
accompanied by violent peals of thunder and vivid 
lightning: "the electric fluid burst with such 
crashing Bounds, that I expected to see the trees 
shattered in ten thousand pieces by my side." 

But it is within the tropics that the phenomena 
of a thunder-storm are observed in all their sub- 
limity. Previous to a change of monsoon in India, 
vast masses of cloud rise from the Indian ocean, 
■and advance towards the north-east, gathering and 
thickening as they approach the land. "After 
some threatening days the sky assumes a troubled 
appearance in the mornings, and the monsoon in 
general seta in during the night. It is attended 
with such a thunder-storm as can scarcely be ima- 
gined bythose who have only seen that phenomenon 
in a temperate climate. It generally begins with 
violent blasts of wind, which are succeeded by floods 
of r^. For some hours lightning is seen almost 
without intermission : sometimes it only illuminates 
the sky, and shows the clouds near the horizon; at 
others, it discovers the distant hills, and agmn 
leaves all in darkness, when in an instant it re- 
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appcarB in vivid and eucceasive flashes, and exhibits 
the nearest objects in all the brightnesB of day. 
During all this time the difltant thunder never 
ceases to roll, and is only silenced by some nearer 
peal, which bursts on the ear with such a sudden 
and tremendous crash as can scarcely fail to strike 
the most insensible heart with awe. At length the 
thunder ceases, and nothing is heard but the con- 
tinual pouring of the rain and the rushing of the 
rising streams. The next day presents a gloomy 
spectacle ; the rain still descends in torrents, and 
scarcely allows a view of the blackened fields; the 
rivers are swollen and discoloured, and sweep down 
along with them the hedges, the huts, and the re- 
mains of the cultivation carried on during the dry 
season, in their beds. 

" This lasts for some days, after which the sky 
clears, and discovers the face of nature changed, 
as if by enchantment. Before the storm, the 
fields were parched up, and except in the beds of 
the rivers scarce a blade of vegetation was to he 
seen : the clearness of the sky was not interrupted 
by a single cloud, bat the atmosphere was loaded 
with duat, which was sufficient to render distant 
objects dim, as in a mist, and to make the sun 
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appear diill and discoloured till he attained a con- 
siderable elevation: a parching wind blew like a 
blaat from a furnace, and heated wood, iron, and 
every other solid material, even in the ehade ; and 
immediately before the monsoon this wind had 
been succeeded by still more sultry calma. But 
when the first violence of the storm is over, 
the whole earth is covered with a sudden but 
luxuriant verdure ; the rivers are full and tran- 
quil; the air is pure and dplicious; and the 
Bky is varied and embellished with clouds. The 
effect of this change is visible on all the animal 
creation, and can only be ima^ned in Europe by 
supposing the depth of a dreary winter to start at 
once into all the freshness and brilliancy of spring. 
From that time the rain falls at intervals for about 
a month, when it comes on agam with great vio- 
lence ; and in July the rains are at their height : 
during the third month they rather diminish, but 
are etill heavy; and in September they gradually 
abate, and arc often suspended till near the end 
of the month, when they depart wnid thunders and 
tempests, as they came."* 

M^or Forbes, while dwelling in the moun- 
* ElpMiutone'B CaubnL 
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tuDouB region of Ceylon, also notices the scenes of 
fiery conflict in the sky which are commonly per- 
ceived in all parte of Ceylon previous to a chiuige 
of the monsoon ; " but here, elevated amidst cloudB) 
and mountains wooded to the summit, the effect, 
always sublime, is occasionally astounding, when 
lightnings crash through the aged forest, gleaming 
beneath your path in some deep valley, and 
quivering in its rippling stream. Within the 
tropics, lightning, if not more vivid, is far more 
varied than it appears in colder cUmes : it is not 
uncommon in the Kandian country, after a clear, 
sultry day, to see the approach of evening heralded 
by dark rolling clonds piling themselves aloft, 
then spreading along the sky until the advancing 
masses Hash their electric fires; sometimes, like 
fluttering pennants or heraldic scrolls, they waver 
before the dazzled sight; and frequently, as if 
escaping from a grasp, blaze for an instant, then 
scatter through the heavens, like the thunder- 
bolts of Jove as depicted by the ancients." 

In America thunder-storms present the same 
grand phenomena as those already noticed in 
other continents. The Hon. C. A. Murray notices 
a magnificent thitnder-storm which he witnessed 



28 THE THtTNDEa-STORM. 

on the Missouri, in the middleof a night in June. 
" The whole western Bky was illuminated by 
broad and fitful sheets of lightning, so bright at 
times as to light up the mighty river, and to show 
dbtinctly the bold and varying features of its 
banks ; in a moment again all was black and still : 
night had thrown her mantle over the scene, and 
silence resumed her empire : then the thunder 
muttered from its distant couch, and again the 
brilliant illumination succeeded ; the peals grew 
louder and louder, till at length they burst and 
rattled so near above us, that I could almost 
believe the alarmed forest trembled beneath their 
wrath. A torrent of raJn closed the scene. I 
retired to my berth deeply impressed with the 
might of Him whose right hand launches and 
checks these fiery ministers." 

In describing the phenomena of thunder-storms, 
it is natural to suppose the clouds which produce 
iiiem to be elevated high in the air, tar above the 
spectator. In mountain regions, however, storms 
frequently arise so rapidly that the traveller may 
find himself in the very midst of the thunder- 
cloud, or he may even see it rolling beneath him 
at hia feet, while the sun and a pure blue sky are 
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smiling above him. The following are instances 
of tbiB kind. M. Richard states that towards the 
end of August, 1750, he ascended in his carriage 
the small mountmn of Boyer, betweeu Cli&lons- 
sur-Saooe and Toumus. At about three-quarters 
of the height of the moimtfun a cloud was sus- 
pended, in which the thunder rolled from time to 
time. M. Richard soon reached it. From the 
moment of doing so the thunder was no longer 
heard in sharp peals, with intervals of silence, but 
it made a continued noise, " similar to the rolling 
of a heap of nuts upon wooden planks." At the 
top of the mountain the observer found himself 
above the cloud. But the storm had not ceased ; 
for the lightning again flashed brightly, and loud 
peals of thunder followed. 

Another example of the same kind was related 
to M. Ai-ago by his sister. " Some years ago I 
set off in the morning, with two of my friends, 
from the village of Estagel to go to Limoux, 
Our carriage had already accomplished a con- 
siderable part of the winding and rapidly ascending 
road of the Col Saint Louie, when the whole 
valley suddenly became covered with stormy 
clouds, concerning whoso nature no one could 
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mistake, aince they were ever and anon illuminated 
with brilliant flashes of lightning, fcJlowed with 
loud peals of thunder. My companions and I 
wished to return ; but our conductor was of a 
different opinion, and proceeded boldly forward to 
meet the storm. As we wei"e very mucli alarmed, 
we shut our eyes that we might not see the 
lightning, and cioaed our ears against the thunder. 
We had continued in this state for about a quarter 
of an hour, when the coaclmian informed us, to 
our unspeakable grati&catioo, that all danger was 
over. The cloud, in truth, was now below us, 
where it still continued to thunder and lighten, 
while we above it were enjoying a pure sky and a 
beautiful sun."* 

During the residence at elevated stations in thfe 
Pyrenees, of the military engineers employed in 
the great trigonometrical survey, some interesting 
observations on the upper surfaces of thunder- 
clouds were obtMued. Captains Peytier and Hos- 
sard were involved on several occasions in active 
thunder-clouds. This was the case at the summit 

" Aiago'B Notice, Sur U Tonnerre, pabliehed in the 
Annaaire of the Bureau dea Longitudes, Paris 1837, has been 
of ooniiderable Msutance to the writer of thie little work. 
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of the Peak d'Anie (8,215 feet high), on the 15th 
June, 1825. The storm lasted six hours ; the hair 
of the observers and the strings of their caps all stood 
on end, and they also heard a buzzing noise around 
the projecting parts of their bodies. AgiuD, upon 
the mountain of Troumouse, at an elevation of 
10,124 feet, they were exposed to utorms on the 
9th and 13th August, 1826. The storm of the 
9th lasted twenty-four honrs, during which it 
hailed and rained considerably, and the thunder- 
claps were very frequent. The tent, in spite of 
three folds of very thick cloth, placed one over 
another, sometimes appeared to be all on fire. 
The loaded guna, left for precaution's sake on the 
outside of the tent, exhibited nest day many 
traces of evident fusion at the end of the barrel. 
The storm appeared so violent in the valley, 
that the inhabitants despaired of seeing again 
either the two officers or their guides- 
It is curious to learn how remarkably the upper 
enrface of the thunder-cloud differs from the lower 
surface. \Fben the lower sur^ice was perfectly 
even and level, the upper surface was broken into 
ridges and protuberances rising upwards to great 
heights, like the surface of the earth in an Aljone 
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disti-ict. In times of great heat sucli strata were 
obsetved suddenly to send upwards lofty vertical 
cones, which, stretching into higher regions of the 
air, established by their conducting power an 
electrical communication between strata of the 
atmosphere at very different heights. This appear- 
ance waa generally observed to precede a thunder- 
storm. 

It is commonly supposed that in the wide 
ocean and in islands it never thunders beyond the 
Beventy-Hfth degree of north latitude; and that 
at the seventieth degree it is very selJom heard. 
It appears, however, from the direct evidence of 
Von Baer and other travellers, that no northern 
latitude has been attained by man in which 
thunder is not known to occur. In Nova Zembla 
Von Baer has witnessed a thunder-storm beyond 
the seventy-third degree, and he states that the 
narratives of the hunters of the walrus conttun 
many accounts of it. Thunder- storms are also 
frequent in Iceland, though not so common as 
n most other parts of Europe. In Greenland 
thunder is more uncommon; some missionaries 
who resided in that country for fifteen years 
remark that lightnings are sometimes seen, but 
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that thunder is seldom heard. On the coast of 
Hudson's Bay, ElHe and James Hudson have 
witnessed thunder-storms. Even in the midst 
of the Polar ice thunder is sometimes heard. 
Admiral "Wrangell, in one of the perilous journeys 
trhich he made upon the ice of the Polar Sea to 
the north-east of Siberia, observed a thunder- 
storm when out of sight of land. It even thun- 
ders at a higher latitude than 75", and as far 
north as Spitzbei^en, as appears from the recital 
of four shipwrecked Russians, who found an 
asylum on the eastern isle of Spitzbergen, on 
which three of them lived for six years and three 
months. They heard thunder once, and only'onee, 
during this long period. 

In the Report of the British Association for 
1845, there is a notice of a thunder-storm at Alten, 
in Norwegian Lapland, situated 69° 50' N. lat 
and 23' E. long. 
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CHAPTER II. 



LiGHTNiNa, wMch exhibita Buch tremendous effects 
during a thunder-storm, is also known by the 
name of dectrieity, or the electric fluid. But we are 
quite ignorant of Its real nature ; and althoi^h it 
is everywhere present, we are not aware of its 
existence until it is disturbed or excited into 
action. 

There are many ways by which this disturbance 
can be brought about, and the curious properties 
of electricity be studied. The ancient Greeks 
discovered that when a piece of amber was rubbed 
it acquired the power of drawing light bodies 
» 2 c-.oogic 



36 THE THUNDEB-BTORH. 

towards it, or of driving them away, which is 
called attraction and repulsion. For many ogee 
this was thought to be peculiar to amber, and on 
this account the word dedricity was employed, 
the Greek word riKtKxpov (elekiron) signifying 
amber. There are, however, many other eub- 
Btances which answer the purpose equally well ; 
a stick of resin, rubbed with flannel, or a rod or 
tube of glass, rubbed with a silk handkerchief, 
will exhibit this property, or become, as it is 
called, electrically excited. If held near the cheek, 
a sensation will be felt similar to that produced by 
drawing a cobweb over the face. In the dark the 
excited bodies are faintly luminous, with a bluish 
light ; and if the finger be held aeax them, a small 
spark will be seen to pass to it, accompanied 
with a slight snapping noise. 

The attractive and repulsive powers of elec- 
tricity can be prettily illustrated by suspending - 
freely in the air a light downy feather, fastened 
to the end of a long thread of white sewing silk. 
If a tube of glass, about three feet long and an 
inch in diameter, perfectly dry and clean, be held 
at one end, and briskly rubbed with a warm silk 
handkerchief, it will soon become excited, and on 
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holding it within a few feet of the feather, the 
latter will fly up to it, and remain adhering to it. 
On gently withdrawing the tube, and again ap- 
proaching it, the feather will no longer be attracted 
but repelled; and it will not be poeeible for Bome 
time to make the feather touch the tube. At 




length, however, it will be i^in attracted and 

again repelled, as before, and so on several times, 

until the glass has lost all traces of free electricity. 

In this experiment, when the feather is attracted 
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by the glass, it takes trom it a portion of elec- 
tricity, and then suffers repulsion. The feather 
gradually parts with its electrity to the surround- 
ing air, then flies to the tube for a fresh supply; is 
f^ain repelled, and continues to be eo until the sir 
has brought it to a neutral condition, when it is 
once more attracted and again rejielled. In the 
meantime the tube, parting with its electricity 
much more slowly than the feather, remiuns ex- 
cited during these attractions and repulsions, until 
at length it returns to the neutral condition, and 
exerts no further action on the feather. We 
see, therefore, that the feather, having obtained a 
share of electricity from the glass, is immediately 
repelled by it, and as this repulsion is known to 
he mutual, we learn from this simple experiment 
that botUeB simUarly electrified repel eacA other. 

Let us now repeat the experiment in precisely 
the same manner, only using, instead of the glass 
tube and silk hraidkerchief, a stick of resin* and 
a piece of dry warm flannel. The feather will 
first be attracted by the resin, deprive it of a por- 

* A stick of led usliDg-«Bx will tuigwer the pnipoae, Ubue 
bting reallf no vftz in tlda nilMfauic^ bat aheU-Uc, vhicli la a 



DIFFERENT KnJD8 OF ELECTRICITY. 39 

tion of its electriaty, and immediately be repelled, 
as in the former experiment. 

It does not appear from these experiments, that 
there is any difference between the electricity of 
glass and that of reBin. But let us present these 
two excited bodies alternately to the feather, and 
we shall observe a remarkable difference. Excite 
the glass tube as before, and while it is repelling 
the feather, bring the excited stick of resiu near 
it, and the feather will be immediately attracted 
by the reein. Or we may reverse the experiment, 
and first repel the feather with the excited reain, 
when it will be found that the excited glass will 
attract it. Or thirdly, the last two experiments 
may be combined by bringing the feather between 
the glass and the resin. It will then be alternately 
attracted and repelled, swinging to and fro between 
the two bodies. 

It is evident from these experiments that there 
must be some difference between the electricities 
of glasa and of reun, since bodies which are re- 
pelled by the one are attracted by the other. The 
electricity produced from glass is called vitreoue, 
and that from resin rennom electricity : they are 
also known by the tenna pontive and neffottiff, and 
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represented by the symbols + plus, and — miiiuB; 
ft body electrified by vitreous eleotridty being 
said to be in a positive state, and that by resin 
in a nsffotive. 

It will be seen from the forgoing experiments, 
I. That bodies similarly electrified, whether posi- 
tively or negatively, repel each other ; 2. That 
bodies dissimilarly electrified attract each other. 

We may learn another important truth by vary- 
ing the simple experiments already described. 
While the feather is being repelled by the glasa 
tube, bring near to it that part of the silk hand- 
kerchief which was used to rub the tube, and it 
will be found to attract it Or if we first present 
the handkerchief to the feather, it will first attract 
it, and then repel it i and while in this state of 
repulsion, if the excited glass tube be held near, 
it will immediately attract the feather. Hence it 
is obvious that the glass and the silk axe in oppo- 
site states of electricity ; the glass we know to be 
vitreous, or positive ; the silk must therefore be 
resinous, or negative. 

A similar experiment may be performed with 
the resin and the fiannel : while the one is re- 
pelling the feather the other will attract it; the 
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flannel must therefore have an opposite electricity 
to the resin ; the latter we have called negative, 
the flannel must therefore be positive. 

From these last experiments we arrive at the 
important truth that one kind of eUctricitt/ can- 
not be produced without the production alao of the 
other kind: and although it has been agreed 
to call the two kinds of electricity by the terms 
positive and negative, yet there is no doubt that 
one is as much a positive force as the other ; for 
it is impossible to produce one upon any body 
without the other appearing somewhere, either in 
near or distant bodies, " just as it is impossible to 
pull against a fixed point without eliciting in that 
point au equal and opposite force."* 

It has been said, that when glass is rubbed with 
ulk the glass becomes positive and the ailk n^^- 
tive ; and that when resin is rubbed with flannel, 
the resin is negative and the flannel podtive. 
That such statements are true may be proved as 
follows: — When the feather is repelled by the 
glass, bring near it the excited flannel, and it will 
continue to repel the feather; thus proving the 
electricity of the glass and of the flannel to be 

,. .Google 
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similar. Also, while the feather ie being repelled 
hj the resin, approach the excited silk handker- 
chief and it will continue to repel, showing the 
electricity of hoth to be negative. 
' It is probable that all solid substances, if nibbed 
in the same manner as the glass and resin, would 
become electrically excited ; but in a very large 
number of bodies the electricity would disappeai 
as fast as it was formed. If, for example, a rod 
of metal were held in the hand, end mbbed with 
silk or flannel, it would exert no action whatever 
upon the feather, because all the electricity, aa fast 
as it was formed, would flow or be conducted 
through the body of the t)peFator into the earth. 
If, however, the rod of metal were furnished with 
a handle of glass or of resin, and then rubbed 
ag^nst a piece of dry warm flannel, it would 
attract and repel the feather as the glass tube and 
the stick of resin had done. It is evident, then, 
that the glass or resinous handle insulates* the 
metal tube,' and prevents the electricity from 
quitting it : other snbstances would do so in 
daflerent degrees, and hence bodies are arranged 
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witt reference to their conducting powers. The 
metale are hj &x the beet conductors; next to 
them come well-burned charcoal, plumbagO) flame, 
emoke, and some strong acids ; leas perfect cod- 
ductors are dilute acids, saline fluids, the bodies of 
living animals and vegetables, wood in its ordi- 
nary state, and snow and ice ; among imperfect 
conductors are aqueous vapour, earth and stone, 
dry chalk and lime, marble and porcelain, paper, 
taid alkaline subBtances; still Icsb perfect con- 
ductors are ice at the zero of Fahrenheit's scale, 
dried vegetable and animal substances, parchment, 
leather, feathers, baked wood, oil and fatty sub- 
stances, pitch, and silk; among the worat con- 
ductors are animal fur and hair, dry air and gases, 
Bteam at a very high temperature, glass, and all 
vitreous bodies, the diamond and transparent 
gems, talc, amber, resins, brimstone, and shell-lac 
These very imperfect conductors are said to be 
good iwtdators, because they may be used to insu- 
late such bodies as are electrified, thereby enabling 
them to retain their electricity much longer than 
they otherwbe would do. 

Some idea may be formed of the difference 
between a good conductor and a bad one, by the 
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tkct that iron wire conducts electricity four hun- 
dred million times better than pure water ; " that 
is to say, electricity meets with no more reaiat- 
ance in passing through an iron rod four hundred 
millions of inches long, than it would meet with 
in passing through a column of water of the same 
diameter only one inch loog." The enormous 
rapidity with which electricity travels along good 
conductors may well excite our astonishment. It 
has been shown by Professor WHeatstone that elec- 
tricity moves through a copper wire, one-fifteenth 
of an inch in diameter, and about half a mile in 
length, at the rate of 576,000 miles in a second of 
time, a velocity greater even than that of light. 

If, instead of the glass tube and silk handker- 
chief, a large plate or cylinder of glass be made to 
revolve between or against fixed cushions, we get 
the essential parts of the electrical machine ; and 
by a certain other arrangement of glass and metal, 
are able to accumulate quantities of electridty, 
and study its properties. 

Electricity can be accumulated in the Leyden 
jar,* the principle of whidi will be imderstood 

* Bo caHed from ita baring been firet used b? Hiuchenbroeck 
■t Lejden, in the year 1T4S. 
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from the following diagram, which represents 
a pane of glass, coated on both aides with tin- 
foil, so a9 t{i leave a mar^n of about an inch 
of the glass uncovered. Let this plate of glass 
be supported on a stand made of some good 



conducting material, and we shall then have the 
arrangement shown in section in the second figure, 
namely, two conducting surfaces of tin-foil, P and 
N, the first insulated by the pane of glass, and the 
other freely communicating with the earth. Now, 
if a charge of electricity be communicated to the 
surface P, an equal charge of electricity of the 
opposite kind will immediately be produced on 
the opposite conducting sur&ce N, just as the 
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glaea tube and the silk handkerchief, and the 
resin and the flannel, produced upon each other 
equal charges of dia^milar electricity. 

These two surfaces, chained with dissimilar 
electri(utiea, exert a powerful attraction upon each 
other, so powerful, that in some cases the glass 
may be iractured by the tendency of the two 
forces to unite. If, however, a communication 
be made between them by means of a good con- 
ductor, a spark of light passes, and the two sur- 
faces are restored to their neutral or ordinary 
condition, in which they exhibit no traces of elec- 
tricity. The two metallic surfaces can be brought 
together by means of 
brass wires terminate 
ing in knobs. A 
spark will pass be- 
tween these knobs, 
the two electricities 
will unite, and equilibrium thus be restored. This 
Bpatk will be -risible only when passing between 
the two knobs; most electrical effects being Tiable 
only in the space between conductors. 

The form of apparatus just described is by no 
means bo convement as that which is in common 
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use, namely, the Leydeii jar; tliia is shown in the 
next engraving. It represents a glass jar or wide- 
mouthed bottlei covered with 
tin-foil both within and with- 
out, except a few inches near 
the t«p. The 'cover of the jar 
is a piece of mahogany, through 
the centre of which passes a 
brass wire with a tnob at the 
top, and a chain at the lower 
extremity, which passes down -:.- _ — r. 

to the bottom of the jar and 
remains in contact with the inner metallic surface. 
On holding the knob of the jar to the elec- 
trical machine while its plate or cylinder is 
being turned, sparks will fly off to the knob, 
pass down the wire and chain into the jar, and 
communicate to the inner surface of the glass a 
charge of electricity; at the same time the out- 
side of the jar will receive an equal charge of 
negative electricity. The jar is now said to be 
charged ; and if, while holding the jar on the out- 
side with one hand, the other hand be brought to 
the knob, a communication will thus be made be- 
tween the inside and the outside of the jar, the 
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two electricities will unite, and, while doing bo, 
will give a violent shock to the person holding the 
jar. The first time this shock was received by the 
Dutch philosophers, ao much alarm was excited by 
the then novel and unexpected occnjrrence, that 
one of them declared he would not again receive 
it for the whole kingdom of France. 

A number of these jars collected together form 
what is called the electric batteri/, and furnish the 
means of accumulating large quantities of the 
electric fluid. A large battery at Haerlem melted 
various metals, and scattered them about in all 
directions. An iron wire, twenty-five feet long 
and about a hundred and fortieth part of an 
inch in diameter, was melted by the shock into 
red-hot globules. A piece of tin wire, eight inches 
long and one-eighteenth of an inch in diameter, dis- 
appeared in a cloud of blue smoke, throwing down 
red-hot globules of fire. A piece of box-wood, 
four inches long and four inches in diameter, was 
rent in pieces by the shock. The machine em- 
ployed to chaise this battery consisted of two 
circular plates of glass, each five feet five inches 
in diameter, and were excited by means of four 
purs of cushions, eadi cushion about fifteen inchei 
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long and two inches wide. When this splendid 
machine was in action, bodies at the distance of 

forty feet were sensibly iii6u- 

enced by it ; pointed wires 
were tipped with a star of 
light at the distance of twenty- 
eight feet ; and on presenting a 
metal ball to the conductor of 
the machine, there was produced 
a powerful current of brilliant 
light more than two feet in 
length, crooked, and darting 
forth luminous brushes into the 
BJr. A single spark melted a 
considerable length of gold leaf, 
and set fire to spirits, gunpowder, 
and other combustibles. The 
accompanying engraving repre- 
sents the spark produced by this 
splendid machine. 

The discharge irom such a 
battery as the above is suffident 
to kill small animals, to render 
steel bars magnetic, to produce 
a stunning effect by its report. ■ 

,. ..Google 
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and A flash of light so inteaae as to dazzle tbe 
tight. 

Such effects as theae produced by the electrical 
machine would naturally remind the observer of 
lightning. That there was some connexion, if 
not identity, between electricity and lightning, 
had long been suspected. Mr. Gray, in the Philo- 
sophical Transactidha for 1735, observed that " the 
electric fire seems to be of the same nature with 
that of thunder and lightning;" and the Abb^ 
Nollet, in his lectures on Natural Philosophy, in 
1 748, spoke more clearly of the analogy between 
them. " If any one," he saye, " should take upon 
him to prove, from a well-connected comparison of 
phenomena, that thunder is, in the hands of nature, 
what electricity is in ours; that the wonders we 
now exhibit at pleasure are small imitations of 
those great eflTecta which alarm us, and that the 
whole depends upon the eame kind of mechanism ; 
should it be ahown that a cloud, formed by the 
action of the winds, by heat, and by a mixture of 
varioua exhalationa, ia, when opposite to a terres- 
trial object, as an electrified body when at a certiun 
distance from one that ia not electrified, I confeas 
such an idea, if well supported, would afford me 
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infioite pleasure, aod that it may be supported by 
many plausible arguments, ia obvious to any one 
versed in the history of electrical phenomena. 
The universality of the electric matter, the rapidity 
of its action, its heat, and its activity in infiaming 
bodies ; its property of striking them externally 
and internally, even to their smallest parts ; the 
remarkable instance we have of this e6Pect in the 
Leyden experiment, the notion which may be 
legitimately adopted of the effects that might be 
supposed to arise from a much greater accumulation 
of electric power ; these, and many other points 
of analogy which I have for some time meditated 
upon, almost induce me to believe that in taking 
electricity as a foundation, one might form much 
more perfect and plausible hypotheses respecting 
the origin of thunder and lightning, than any that 
have hitherto been su^eeted." 

While the scientifc men of Europe were thus 
meditating upon the similarity of the effects of 
electricity and lightning, Dr. Franklin, in America, 
was preparing a grand experiment to test their 
identity. The analogy between lightning and 
electricity had long excited his admiration, and 
the prin<upal differencea which he saw between 
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them were only in degree. " It is no wonder," he 
says, " that the effects of the one should eo far 
exceed those of the other ; for if two gun-barrels, 
when electrified, will strike at two inches distance, 
and make a loud report, at how great a disttuice 
may ten thouBand acres of electrified cloud strike, 
and how loud must be the crack?" He then 
remarks that flashes of lightning are generally 
crooked and waving, and so is a long electric 
spark; that lightning, like common electricity, 
strikes the highest and most pointed objects in its 
way, in preference to others, such as hills, trees, 
towers, spires, masts of ships, points of spears, &c ; 
that it takes the readiest and best conductor ; that 
it sets fire to inflammable bodies, rends others to 
pieces, and melts the metals. Liightning, he adds, 
has often been known to strike people blind, and 
the same happened to a pigeon which had received 
a violent shock of electricity ; in other cases it has 
killed animals, and they also have been killed by 
electricity. 

Having observed that pointed conductors appear 
to attract electricity, Franklin supposed that 
pointed rods of iron attached to buildings might 
draw from the clouds their electricity, without 
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noiae or danger, and convey It to the eartb. " The 
electric fluid," he writes, " is attracted by points ; 
we do not know whether thia property be in 
lightning, but since they agree in all particulars 
in which we can already compare them, it is not 
improbable that they agree likewise in this. Let 
tie expmmeat be made." 

The method in which Franklin proposed to make 
thia experiment was, to erect on some high tower 
or other elevated place, a sentry-box, from which 
should rise a pointed iron rod, insulated by being 
fixed in a cake of resin. Electrified clouds passing 
over this would, he conceived, impart to it a portion 
of their electricity, which would be rendered evi- 
dent to the senses by sparka being emitted when 
a key, or other conductor, was presented to it. At 
this time there was no elevated building in Fhila- 
delfdiia adapted to the experiment ; and while be 
was wiuting for the erection of a spire to a church 
then in course of building, the happy thought 
occurred to him that he might more readily attain 
his object by means of a common kite. He pre- 
pared one by fastening a silk handkerchief to two 
oroBB sticks, the silk not being so liable to injury 
from nun as paper. To the upright stick was 
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affixed an iron point, and the lower extremity of 
the string terminated in a length of sillc. A key 
was fastened to the part where the silk and the 
hemp were joined. With this simple apparatus 
Franklin went out into the country on the first 
appearance of a thunder-storm, accompanied by 
hia son, to whom alone he communicated his inten- 
tions. He stood under a shed to avoid the rain ; 
his kite was raised, a thunder-cloud passed over 
it, but no indicationa of electricity were obtained. 
He almost despaired of success, when all at oncd 
he observed the loose fibres of the string to bristle 
upwards ; and on holding his knuckle to the key 
he received ii strong spark. Before the rain had 
wetted the string other sparks were obtained; but 
when the string was thoroughly wet, abundance 
of electricity was procured.* 

About a. month before Dr. Franklin had made 
these successful trials, two French philosophers. 
Messieurs Dalibard and Delor, who seem to have 
been acquainted with Franklin's proposed method 
of elevating pointed metallic conductors high in 
the atmosphere, had obtained similar results. Da- 
libard's apparatus, which was erected at Marly 
* See FrontJBpUce to thii duptw, p. 34. 



THE BLECTBICAI. EITB, 55 

near FimB, conaiated of a rod of iron forty feet 
long, the lower end of which was brought into 
a sentry-box ; the rod was fastened on the out- 
side to liiree wooden posts by means of silken 
cords defended &om the r^n. On Wednesday 
the 10th of May, 1752, between two and three in 
the afternoon, a clap of thunder was heard, and 
the man entrusted with the care of the apparatus 
in M. Dalibard's absence, called the curate of the 
pEuish and several other persons tc^ether, and in 
their presence drew sparks from the conductor. 
A few days afterwards a similar result was ob- 
tained by M. Delor at Paris. 

But the grandest experiments of this kind were 
made by M. Bomas • with an electrical kite. This 
kite was seven feet five inches high, and three 
feet in its greatest width, with a surface of eigh- 
teen square feet. The string of the kite was 
wrapped round with copper wire. On the 7th of 
June, 1753, on the first indications of a thnnder- 
Btorm, he raised the kite in the air, and at half^past 
two o'clock in the afternoon it was soaring at the 
height of about 550 feet. To the extremity of 
the string, which was 780 feet long, he fixed a 
' Judge of (he Presidlftl Oonrt of Nenc, in AqaiUln. 
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Bilken cord three and a half feet long, attached to 
a large stone placed under the cover of a pent- 
house. Near the junction of the string and the 
' silk cord waa placed an iron tube about a foot 
long and an inch in diameter, from which sparl^ 
were to be drawn aa soon as the kite was electri- 
fied. Id order to prevent these sparks frtmi pass- 
ing through the body of the operator, a disohiu^ing 
rod was prepared ; this was formed of a tube of 
glass twelve inches long, having at one end a tube 
of iron, to which was fixed a chain of braes wire 
8uffiQientl7 long to touch the ground wbile Bparks 
were being drawn from the first iron tube. By 
means of this rod M. Romaa first obtained sparks 
similar to those given off by a moderately sized 
electrical maolune. In about twenty minutes 
these electrical efiects ceased ; but after wuting 
seven minutes the electricity reappeared and 
ag^n decreased, but only to diB|Jay itself with 
additional force. Sparks were drawn by the 
fingers, the keys, the swords, and the canes of the 
spectators ; and M. Bomas having presented the 
middle knuckles of bia right hand, received a 
terrible shock, which struck him in the elbows, 
shoulders, breast, knees, and joints of the feet. 
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Seven or eight of the bystaaders, though they 
saw, from the conTuHve motions of M. Romas, 
that he had received a very violent ehockj did not 
hesitate to join hands, and receive the eparka. 
The storm now increased — no run had fallen; 
but above and around the kite were black clouds, 
which indicated a great increase of electridty. 
Bomas had, therefore, the prudence to receive 
sparks only by the discharging-rod. At the dis- 
tance of four inches, a spark more than an inch long 
and two lines broad, was drawn in this manner ; 
and at the distance of six inches sparks were 
obtained two inches long. After this the elec- 
tricity became so powerful, that, instead of sparks, 
flashes of fire, about a foot long, three inches 
wide, and three lines in i^ameter, were repeatedly 
received, with a noise which was heard at the 
distance of more than 500 feet. At this time, 
when he was more than three feet from the cord, 
Bomas felt a sensation as if a spider's web had 
been upon his face. He advised his assistants 
to keep at a greater distance. Wken he was five 
feet &om the string he experienced the same sen- 
sation. He then retired still farther, and watched 
the phenomena which took place.. There was 
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no lightning, almost no sound of thunder, and no 
rain. The wind, which was in the east, blew 
strong, and supported the kite at an altitude of 
about 650 feet. On looking at the iron tube, 
at the junction of the string and the silk cord, 
which was about three feet distant from the 
ground, he was surprised to observe three straws 
standing erect, and dancing up and down below the 
iron tube. This dance of the straws, which greatly 
delighted the spectators, lasted about ai quarter of 
an hour, when a few drops of rain fell, and Romas 
again felt the former sensation upon Mb face, 
which indicated a new increase of electricity and 
prevented him from drawii^ sparks even with the 
discharging rod. At the same time was also 
heard a continued matting noise like that of a 
small forge bellows. Having advised every person 
to keep at a greater distance, he perceived the 
largest straw attracted by the iron tube, and im- 
mediately heard three loud noises, which some 
compared to the crack of a postilion's whip, others 
to the explosions of rockets, and others to the 
sound of lai^e earthen jaxs dashed in pieces on the 
pavement. This crash was beard even in the 
centre of the town« in spite of the great noise 
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that prevailed. The flash which Bccompanied the 
explosion was spindle-shaped, eight inches long, 
and four or five lines in diameter. The straw 
which occasioned this noise followed the string of 
the kite, and was seen even at the distance of forty 
and fifty fathoms, going up with great rapidity, 
being sometimes attracted and sometimes repelled; 
and every attraction being accompanied with long 
sheets of fire and explosions. Afler the first ex- 
plosion, till the end of the experiment, no light- 
ning was seen and scarcely any thunder heard. A 
sutphurouB odour, peculiar to the electric matter, 
was very perceptible. The string appeared to 
be surrounded with a luminous cylinder, three or 
four inches in diameter ; and when the experiment 
was concluded, a hole was seen in the ground 
below the iron tube, about an inch deep and half 
an inch wide, which had probably been made by 
the large flashes which accompanied the explosion. 
The wind having turned to the east, a heavy 
shower of nun came on, succeeded by hai], and it 
was no longer possible to keep up the kite. When 
the kite fell, the string touched the roof of a 
' house, and about eighty fathoms of the string bong 
drawn in, the person who held it made the kite 
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riae again, aod immediately received eucb a violent 
eliock that he was obliged to let it go. The string 
then fell upon the feet of one of the aseistaata, 
who also received a very violent shock. 

On the 16tb of August, 1757, M. Bomos ob* 
tained Btill more remarkable results. Sparks nine 
or ten feet long and an inch in diameter were given 
off from his apparatus, and they were accompanied 
with a noise equal to the report of a pistoL But 
Buch experiments as these had already received a 
considerable check in the lamented death of Pro- 
fessor Bicbmann of St. Petersburg, while employed 
in bringing down electricity from the clouds. On 
the I6tli of August, 1753, while attending a 
meeting of the Academy of Sciences in the fore- 
noon, his attention was excited by the sound of 
distant thunder. He immediately set off for his 
own house, where his apparatus was erected, tak- 
ing with him the engraver Sokolow, whom he had 
engaged to make drawings of any effects that 
might be produced. While the professor was 
stooping down to see the amount of electricity in- 
dicated by the electrometer, a large globe of 
blutsh-whtte fire flashed from a metal conducting 
rod, with a report as loud ae that of a pistol. Xha 
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profeBSor fell back upon a chest behind him and 
inBtantly expired. Sokolow was stupified and be- 
numbed by tbe shock, and was struck by several 
fn^ments of red-hot wires; but the moment he 
recovered he ran out of the house calling for help. 
In the mean time Mrs, Bichmann, who heard the 
stroke of the thunder, hastened to the room and 
found her husband sitting lifeless upon the chest. 
The house was filled with a sulphurous vapour ; a 
dock in an adjoining room was stopped; the 
ashes were thrown from the fire-place, and the 
door-posts of the house were rent asunder. Me- 
dical Bid was of no avul to the professor ; a red 
spot appeared on his forehead, and several red and 
bine spots were found on the left side, on the back 
and other parts of the body. The shoe on the 
left foot was burst open ; and below the aperture 
was a bine mark on the foot from which it is pro- 
bable the electricity had issued. The stocking 
was entire at the place where the shoe was burst, 
and the coat had received no damage. The back 
of the engraver's coat, however, was marked with 
several long and narrow stripes, as if red-hot wires 
had burned off the nap, 
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CHAPTER ni. 



Let ue now endeavour to explain some of the 
leading phenomena of a thunder-stotm by means 
of the electrical principles expMned in the last 
chapter. 

It was shown that one kind of electricity cannot 
be produced without the production also of the 
other kind. By the friction of the glass tube with 
the eUk handkerchief one is rendered poritive and 
the other negative ; the stick of resin is n^atively 
electrified by the flannel, which in its turn becomes 
positive ; the square of glass positively electrified 
on one surface becomes negative on the other. 

In these cases the two opposite electricities are 
developed very near to each other. In the glass 
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plate Aey are separated only by the thicknesB of 
the glass. Let us now auppose this thickness 
to be greatly increased ; that instead of a tfain pane 
of glass one-sixteenth of an inch thick we have a 
block of glass several feet thick, partly covered as 
before with lin-foil, the metallic suriace F being 
insulated, while N communicates with the earth. 
On communicating a charge 
of poMtive electricity to P, 
there will immediately be 
negative electricity at N. 
Now, suppose that instead 
of this arrangement P is a 
collection of clouds, N a 
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portioD of the earth's surface immediately below 
them, and that the air between them is the in- 
sulating body instead of glass. The clouda being 
positively electrified, will throw that portion of 
the earth's surface N immediately under them 
into on opposite state. The method by which this 
is supposed to be brought about must now be 
noticed. 

"■ When bodies exhibit no signs of electricity, but 
are in what is called their neutral state, or in 
equilibrium, the electricity is equally distributed 
among them. Suppose the shaded circles to 
represent particles of air in a neutral state, with 
the electricity equally diffused 
in each particle ; suppose next ^^ ^^ 

that these particles are electri- ^^ 

fied : we may then imagine all 
the electricity of one kind to ^B ^^ 

be accumulated in the upper 
half of each particle, and all ^^ -^ 

the electridty of the other ^^ jf^ 

kind to be in the lower half, 
as represented in the second group of circles. 
Now this sort of action goes on in the air from 
particle to particle, between the thunder-cloud 
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and the earth or sea immediately beneath it. Let 
U8 trace the progress of four particles of iur between 
the cloud and the earth; if the cloud be poutive. 



Q 
Q 



the upper half of the first particle will be made 
negative and the lower half positive; this lower 
half of the first particle acting on the upper half of 
the second particle will render it negative ; the 
second half of the second particle will be + ; this 
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will render the upper half of the third particle — ; 
and the lower or + half of the third particle will 
render the upper half of the fourth particle — and 
the lower half +, which will render the earth be- 
neath it — . Now aa we know that the cloud P may 
preaent to the earth a surface of several hundred 
square acres, and as the apace between the cloud 
and th« earth P and N is occupied with innumer- 
able myriads of aerial particles, all being acted upon 
after this manner, some idea may be formed of 
the enormous quantity of electricity disturbed. 
And as we know from the experiment of the tube 
and the feather, that bodies in opposite states of 
electricity attract each other and tend to combine, 
so these particles of air, the tbunder-doud and the 
earth, exert an attraction towards each other, 
which becomes more poweriiil as the electrical 
exdtement continues, until at length the two 
opposite electricities rush together with violence, 
producing what is called the dinn^tite dUcharge, 
or, in other words, the well-known phenomena of 
lightning and thunder. 

It ia of no consequence in the above arrange- 
ment, whether the cloud be positively or negatively 
dectrified; the efifect is the same. If the cloud 
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be n^ative, that portion of the earth beneath 
it will be positively electrified. 

If we BUppoae a good metallic conductor of 
Bufficient size to proceed from the earth N up 
to the cloud F, it ie ohvioue that the electricity 
would be drawn quietly down into the earth with- 
out any, or at least with only a very small excitation 
of the intermediate air. If this rod were composed 
of good and bad conducting substances, such as the 
ordinary materials of a church tower, the lightning 
woiild pick out, as it were, the easiest path, moving 
with facility along metallic bodies, and even ap- 
pearing to go out of its way to pick them out. 
So long as it mores along a good conductor it does 
no harm, but the moment it meets with bad 
conductors which delay its passage even for an 
instant, the destructive powers of the lightning 
accumulate with fearfiil rapidity; its heating 
power is so intense, that the moisture in wood and 
stone is probably instantly converted into bigh- 
preasure steam, which acting with explosive energy 
expands and shatters the substances in which it is 
BO suddenly created. 

It appears, then, from these details that the elec- 
trical conditions of a thunder-storm consist in this: 
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The condacting Burfaces of the clouds and the 
earth are the terminating planes of a highly ex- 
cited maas of air which separates them ; and this 
state of things continues until the electrical excite- 
ment of the air has attained its highest pitch, so 
that any tendency to further excitement renders 
the ail incapable of resisting the combination of 
the two opposite electrical forces P and N. The 
whole system of electrified particles of air becomes 
overturned, and a violent reunion of those opposite 
forces instantly takes place. Such a discharge is 
generally of a sudden and violent character, and 
is the cause of the damage to imperfectly conduct- 
ing bodies on the earth's surface, or, in other 
words, each is the ori^n of the numerous accidents 
from lightning to houses, churches, ships, trees, 
and even to individuals. 

The reader will now be prepared to understand 
the cause of the damage from lightning in the 
cases we are about to relate, and to appreciate the 
means employed for securing buildings and ships 
from the destructive action of this terrific t^ent. 
While ships remain unprovided with lightning- 
conductors, there is no danger incident to their 
perilous position on the ocean to which they may 
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not be suddenly and unexpectedly assailed. They 
may be burned, sunk, or severely damaged. In 
short, lightning is the cause of shipwreck in every 
possible form. 

The following is one of the many instances of 
a ship being sent out to sea, and into a climate 
remarkable for the violence of its thunder-storms, 
with absolutely no protection whatever &om the 
ravages of lightning. 

The ship Bai(field, 400 tons burden, Captain 
Lucas, whUe on a voy^e from Liverpool to 
Bonni, near Sierra Leone, encountered a terrific 
thunder-atorm on the 25th November, 1845. 
The master and crew were on deck at their 
several posts ready to act at the instant notice. 
About midnight the lightning struck the niMu 
and mizen-mast head with a fearfully violent 
shock. The captain and moat of the crew near 
him were knocked down almost aenaelefs by the 
shock, and did not recover for some minutes. 
The lightning passed down the masts into the 
ship's hold, scattering lai^e splinters and balls trf 
fire over the deck, fore and aft. The ship's 
timbers trembled under the shock. The storm 
continued to n^e in all its fury, and in U»e course 
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of half an hour the crew, nearly exhausted by 
tiieir previous exertione, discoyered that the 
lightning had set fire to the ship. A rush was 
made to the boats, and had it not been for the 
firmness of the captain, the whole crew would 
probably have perished. Acting under his direc- 
tions, the after-hatches were removed in order to 
let in the water, when a body of fiame instantly 
diot up some feet above the deck. Water was 
tbrown into the bold, and the hatches immediately 
replaced, with the view of smothering the fire. It 
was now discovered that the fiames were raging 
immediately over the powder-magazine ; and fear- 
ing an explosion every instant, it was determined 
to abandon the ship. It was exceedingly difficult to 
launch the boats in so fearful a storm, as it required 
the greatest care to prevent their being dashed to 
pieces against the vessel's sides. At length they 
succeeded in getting into the boats, and pushed oif, 
and Imd-to about a mile from her until daybreak, 
by which time she had drifted about five miles 
south-east from the spot where the boats were lying. 
Perceiving that the flames had not extended over 
her ao rapidly as they anticipated, and being en- 
tirely destitute of provisions, they resolved to 
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return to the baming ship. Having reached her 
and crawled up the sides on to tlie deck, they 
found her to he ou fire fore and aft. The smoke 
was rushing from every aperture in dense volumes, 
and the deck was so hot aft the mMnmaat that it 
was impossible to walk over it. To get to the 
fore-holdt where the fresh water was stowed, was 
utterly impossible, and fancying every moment 
the ship would blow up, they took to the boat 
once more, unable to save any thing in the shape 
of provisions, except about thirty pounds of sea- 
biscuit bread. They managed, however, to secure 
a compaes. During the whole of that day they 
remaned in sight of the flaming vessel, the fire 
raging with terrific fury. At sunset she appeared 
to be drifting away, and later] in the evening 
the only thing they could distinguish of her 
was the bright reflection of the flames in the 
horizon. She was seen by other vessels to 
blow up about two o'clock on the following day. 
The unfortunate fellows in the boat steered a 
course for Sierra Leone, which they succeeded in 
gaining after undergoing the most severe sufler- 
iugs during eight days and nights. All they had 
to live upon was the thirty pounds of biscuit. 
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wHch, divided amongst so many, gave to each 
poor fellow but a very scanty allowance. The 
want of water alao conBiderably increased their 
misery, especially as they were close to the line 
under a tropical sun. When they reached the 
shore three of the unhappy men had perished ; and 
the appearance of the survivors was most pitiable, 
but by proper nourishment and kind attention they 
speedily recovered.* 

The following is another fearful illustration of 
the danger of sending a ship out to sea without 
lightning-conductors. 

The Poland sailed from New York on the 11th 
of May, 1840, with sixty-three persons on board, 
including ladies and children. With good weather 
and favourable breezes they went on prosperously 
until the 16th, when, at two o'clock in the after- 
noon, a squall set in, and a severe shower came 
on, with large drops, such as fall in hot and sultry 
weather. Most of the male paasengers were in 
the house on deck, looking out at the rtun and the 
sea. Captain Anthony, standing at the door, saw 
a large ball of fire apparently about twice the size 

* Abridged from detule fumiBhed bf Captain Lncas to tha 
Nautical Uagazine. 
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of ft man's hat, descend nearly horizontally from 
the clouds, which appeared to be meeting from dif- 
ferent points overhead. It struck the end of the 
fore-top-sail yard on the left-hand aide, descended 
the ties, or some chains, to the end of the fore- 
yard, and ran on the yard to the cap of the fore- 
mast, where it exploded with the noise of a cannon, 
throwing out rays in every direction like the rays 
of the sun. The whole was instantaneous: it 
came and passed off in a flash, and was followed 
almost at the same instant by a peal of thunder, 
sharp and loud, but not long or rumbling. 

A strict examination was now made to ascertain 
whether the ship was on fire. Signs of lightning 
were discovered in the forecastle, but it was for 
Btnne time impossible to determine the extent of 
the danger. It was necessary, however, to prepare 
for the worst The capttun himself asusted in clear- 
ing ihe main hatch, and throwing overboard empty 
casks, and other lumber which was stored round 
the long boat. The mate with another gang of 
hands was at the fore hatch ; and in a few minutes 
all hands, including many of the cabin and steerage 
passengers, were at work hoisting out and throw- 
ing overboard flour and cotton. This went on 
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amid severe rain until eight in the evening, when 
the forward lower hatch being reached, the awfiil 
fact became apparent that the cotton in the lower 
hold was on fire. The hatch was immediately 
closed as tight as possible, the upper hatches were 
also closed and partially caulked, and preparations 
were made to get out the boats. The women and 
children were brought on deck, and the capt^n 
firmly but quietly gave his orders, which were 
obeyed in the same spirit by hia men. He for- 
bade the bringing up of any but light articles, as 
the boats would not be able to carry bi^gage. 
One therefore caught op a carpet-bag, another a 
cloak, some opened their trunks and took out 
their money, leaving every thing else behind 
them; and some caught blankets irom their 
berths. The steward got a barrel of bread, and 
others assisted him in putting whatever of eatables 
there was in hie pantry into bags, &c A barrel and 
two or three jugs of water were put into the long 
boat, with such coats, cloaks, &c. as could be got to- 
gether in a few minutes, and then she was launched 
overboard. The women and children, the cabin 
passengers, all except three, a few of the steer^e 
passengers, the second mate, and four sailors, formed 
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the crew, thirty-five in number. The bo^t thus 
l&den was pushed off at ten o'clock at night) 
having a line attached to her and the ship. Those 
who remained on board the Poland, waited 
anxiously the first break of morning, to learn the 
fete to which they were doomed : two boats re- 
mfuned to them, but not more than half their 
number could possibly get into them. During 
the night the steward succeeded in getting irom 
the cabin the capttun's watch, chronometer, and 
trunk, with a small box of specie ; but gas and 
smoke prevented further attempts, and all the doors 
to the cabin were obliged to be closed up. Cap- 
t^n Anthony and his companions walked the deck 
all night, and when morning broke, alas I there was 
no sail in sight. The fine ship lay on the broad 
ocean smoking at every crack, with three frdl 
boats attached to her by a single rope, and no 
hope of rescue, except through the goodness of the 
Almighty. But there did appear to be a confi- 
dence in the breaata of many that God would not 
leave them to perish on that desert sea. 

The next day, which was Sunday, was pasa^ 
in the same suspense. The cracks whence the 
smoke issued were continually stuffed with cotton, 
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or plastered with pipe-clay. The ice-house on 
deck cont^Dcd fresh meat, auch aa heef, ducks, 
chickens, &c., and the cooks were emplojred aU 
the day in cooking. Warm cofiee, fresh milk, and 
hoiled fowls, were sent to the crew of the long 
boat, and every exertion made to lighten their 
sufferings. Meanwhile the deck grew quite warm, 
and it became necessary to put on the wooden 
shatters to the sky-lights on deck, and to lower a 
man at the stem to mul down the shutters to the 
cabin windows, which did not, however, prevent 
the smoke from coming through. Night came on, 
and yet no help arrived. The unfortunate people 
on board sank to sleep from mere exhaustion, 
leaving three watchers to give notice of the burst- 
ing out of the flames. One of these watchers says : 
" No language can tell the sufferings of that night. 
We were like people confined on the top of a 
burning mine, with no power to escape — death 
almost certain to be our portion within a few 
hours, and our minds tortured with suspense." 
About two o'clock the weather became more bois- 
terous, and the people in the boat hailed the ship, 
wishing to be taken in. The capt^n begged 
them to wiut patiently till day. At the same 
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time, he found that the fire had evidently in- 
creased, the deck and hatches being hot, and the 
pitch he^nning to boil or melt in the seams 
between the planks. He knew that not more 
than fifteen out of those on board could be saved 
in the remaining boats, and he decided on sticHog 
to his veaael to the last. 

But the condition of those in the long boat 
became at last so perilous that it was absolutely 
necessary to take them again on board the vessel — 
a ead alternative ; for if the fire broke out sud- 
denly, it would be impossible to get them into the 
boat again, and all must perish. When they were 
brought on board, they were found in a sad con- 
dition. The females especially, from sitting for 
two nights and a day in a cramped position, with 
their feet in water, and dashed every moment with 
the spray of the sea, were great sufferers. One 
of them had held her child in her arms the whole 
time ; and another had watched her little infant 
ready to die fee the want of its natural nourish- 
ment, which the poor mother could no longer 
afford. It was therefore a present relief to as- 
semble once more on the quarter-deck, althongh 
all felt that they had probably met t(^ether to 



REBCDB'OP THE CREW. 79 

struggle and to die. Sail was now made on the 
ship, and an observation taken at noon hj which 
it appeared that thej were In the track of veeeele 
to and from Europe and the United States. Thie 
inspired confidence ; and the men worked vigor- 
ou^y at the pumpa, for the vessel was found to 
have leaked a good deal. 

At two o'clock on this day (Monday) a sail was 
seen from the mast-head, and soon after from the 
deck. The joy this discovery excited was so wild 
and eacessive, that it seemed as if many would 
lose their senses altogether. The stranger saw 
the ^gnals of distress and hove-to. It proved to 
be the Clifton, Captain Ingereoll, bound from 
Liverpool to New York, with 250 steen^e pas- 
sengers, mostly Irish. The boat of the Clifion 
and that of the Poland were now engaged from 
three o'clock till nine, the sea being rough, in 
passing and re-passiug with people and articles 
saved from the ship. Captmn Ingersoll received 
the sufferers very kindly, and when all were on 
board, made sful as quickly as possible, leaving the 
unfortunate Poland to bum up and sink, a late 
which she must have met within two or three 
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hours, for when the last heat's load was putting off) 
the deck was too hot to stand upoiL''^ 

In the following case the ship had a light- 
ning-conductor on board, hut it was not in its 
place when wanted, and when mounted proved 
to be of bad conBtmction and of insufficient 
size. 

The Nea York packet ship sailed from New 
York in April, 1827, and on the third day of her 
voyage, while in the Gulf Stream, was struck 
by lightning at about daybreak. The paaeengers 
being still in their berths were -oused by a heavy 
report like that of a cannon close to their ears, and 
the cabin was filled with a dense smoke, smelling 
like sulphur. It had been broad daylight, but 
was now almost dark as night. Bain fell in 
torrents ; hail covered the deck ; the lightning 
and thunder were almost simultaneous; the sea 
ran very high, and the water being at 74" Fahr. 
while the air waa only 48°, the copious eviqw 
ration produced pillars of condensed vapour reach- 
ing to the clouda. The scene waa one of terrific 
sublimity. Some parts of the ship and spars were 
■ Abridgedfrom the Bocbm Courier 
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for a moment on fire, but were quickly extinguished 
by the rain. 

The lightning first struck the main royal mast, 
burst asunder three stout iron hoops with which 
it was bound, and shattered the mast-head and 
c^. It passed down the mainmast, one branch 
entered a store-room and demolished the bulk- 
heads and fittings ; thence it entered the cabin, 
and, conducted by a lead pipe, passed out through 
the ship's side between wind and water, starting 
the ends of three five-inch planks. During its 
progress it burst open the harness casks, shivered 
to pieces the lai^e looking-glass in the ladies' cabin, 
and, being conducted by the quicksilver on the 
back, it left the frame uninjured ; it overturned 
the pianoforte, split into several pieces the dining 
table, and so highly magnetized the chronometer 
as to render it useless for the remainder of the 
passage. Most of the watches which were under 
the gentlemen's pillows were so highly magnetized 
as to stop them, and render it afterwmls necessary 
to remove all the steel work. The gentlemen 
themselves were uninjured, probably on accotint 
of the non-conducting properties of the beds upon 
which they were sleeping. The polarity of all 
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the compassea on board was also affected ; knives 
and forlffl, and other articles of steel or iron also 
became magnetized. 

At the time the ship was struck, the lightning- 
condactor had not been put up, but immediately 
after the 6rat stroke it wae raised to the main 
royal mast-head. This conductor consisted of an 
iron chain, with links one-fourth of an inch thick, 
and two feet long, turned into hooks at each end ; 
its upper extremity was fumiBhed with an iron rod 
half an inch thick and four feet long, having a 
polished point, and rising two feet above the main- 
mast ; the chain descended down over the quarter, 
and being pushed out from the ship's aide about 
ten feet by an oar, descended a few feet below the 
surface of the water. 

The storm continued to rage during the morning. 
At about two o'clock p.m. it was observed that 
only four seconds intervened between the flash 
and the report. At this time there was a flash 
and a shock similar to that at daybreak; the 
passengers in the cabin saw what appeared to be 
a ball of Are darting before them, while the glass 
windows in the round-house came rattling down. 
To those on deck the ship appeared to be in a 
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blaze, 80 vivid was the flash which they Baw dis- 
tinctly darting down the conductor and agitating 
the water. All parts of the ship, as before, were 
filled with smoke, smelling of sulphur. 

Although the conductor wss of the size which 
Dr. Franklin thought aufiBcient to sustain the 
severest shock of lightning without injury, yet it 
was literally torn to pieces and scattered to the 
winds. The pointed rod at the top of the con- 
ductor was tused, and several inches of it burnt 
away, while the reminder was covered over with 
B dark coating ; some of the links of the chain had 
been snapped off, and others melted. 

Happily, no person was killed, although several 
were knocked down and more or less injured.* 

Itiscuriousto notice in theprecedbg details the 
devious path of the lightning. It took advantage 
of all the metallic bodies in its passage as stepping- 
stones to facilitate its descent to the earth or sea. 
%nilar effects are observable in tiie case of a house 
in America struck by lightning, the details of 
which have been described by Professor Henry. 
The lightning struck the top of the chimney, 

* Abridged from the Ameiiean Jonnul of Seience. 
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passed down the interior of the fine to a point 
opposite a mass of iron placed on the floor of the 
garret, where it pierced the chinmey; thence it 
paaaed explosively, breaking the plaster, into a 
bed-room below, where it came in contact with a 
copper bell-wire, and passed along this horizontally 
and quietly for about six feet ; thence it leaped 
explosively through the air, a distance of about 
ten feet, through a dormer window,* breaking the 
aash, and scattering the frE^raents across the street. 
It was evidently attracted to this point by the 
upper end of a perpendicular gutter, which was 
near the window. It passed silently down the 
gutter, exhibiting scarcely any mark of its passage 
until it arrived at the termination, about a foot 
from the ground. Here, again, an explosion ap- 
pears to have taken place, since the windows of the 
cellar were broken. A bed in which a man was 
sleeping at the time, was situated against the wall, 
immediately under the bell-wire, and although his 
body was parallel to the wire, and not distant 
JTOm it more than four feet, he was not only unin- 
jured, but not aeufflbly affected. The wze of the 

• A window projocting from the roof. 
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hole in the chimney, and the fact that the lightnmg 
passed along the upper wire without melting it, 
show that the discharge was a small one, and yet 
the mechanical effects in breaking the plaster and 
projecting the window-frame across the street, 
were astonishingly great. , 

These effects the professor attributes to a sudden 
expansive force developed in the lur along the path 
of the discharge. Indeed, he conceives that moBt 
of the mechanical effects which are often witnessed 
in cases of buildings struck by lightning, may be 
referred to the same cause. In the case of a house 
struck near Princeton, the discharge entered the 
chimney, burst open the flue, and passed along the 
cockloft to the other end of the house ; and such 
was the explosive force in this confined space, that 
nearly the whole roof was blown off". 

Mr. Darwin describes some curious effects of 
lightning which struck the house of Mr. Hood, 
the consul-general at Monte Video, in South 
America. " The paper for nearly a foot on each 
side of the line where the bell-wires ha3 run, was 
blackened. The metal had been fused, and al- 
though the room was at least fifteen feet high, the 
globules dropping on the chairs and furniture, bad 
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drilled in them a chain of minute holes. A part 
of the wall was shattered as if hy gunpowder, and 
the fragments had been blown off with force suffi- 
cient to dent the waDa on the opposite side of the 
room. The frame of a looking-glass was blackened, 
and the gilding must have been volatilized, for a 
amelling-bottle which stood on the chimney-piece 
was coated with bright metallic particles, which 
adhered as firmly as if they had been enamelled." 
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OLOBCLAK : 
UQBTHIKa— 
TaDBBEB, SOW PBODDOm — BOLUKQ OF IBDBDBB — HCMBVAL B 



AccoBDiNQ to M. Arago, the phenomena of 
lightning admit of three divieiona : — Firtt, those 
luminous dischargee which present the appearance 
of narrow well-defined threads or lines of light ; 
they are not always white, but are sometimes of 
a violet or purple hue ; and they move in a zigzag 
course. This is probably the only form of %ht- 
ning which strikes terrestrial objects; it always 
proceeds irom a single point, and frequently divides 
into two or more distinct streams. Seeond, those 
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lightnings wHch appear to be spread over exten- 
sive surfaces, and are commonly called sheet light- 
ning; they vary in colour, being frequently of an 
intense red, but occasionally blue and violet ; they 
are generally confined to the edges of clouds, but 
sometimes seem to issue from the interior, when 
the clouds, in popular language, appear to open. 
This is the moet common form of lightning, and 
has neither the activity nor the danger of the first 
class. Third, globular lightning, which appears 
like a luminous ball or globe of fire ; it moves 
throng the air at a comparatively slow rate, 
while lightnings of the first and second class exist 
but for a moment. 

Sir W. Snow Harris* thinks it is more than pro- 
bable " that many of (heae phenomena are at last 
reducible to the common progrew of the disruptive 
dischai^e, modified by |he quantity of passing elec- 
tricity, the deodty and condition of the air, and the 
brilliancy of the attendant light. When the state of 
the atmosphere is such that a moderately intense 

.* The wriUr is uiiioiu to ackDOTlsdge Uie kindnees of hia 
friend. Sir W. Snow Harris, in placing at his Beirioa many Tslu- 
able booke and p^>eTB, boCli publl^ed and onpubliEhed, on the 
nature af thuader-slcamH. 
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diecharge can proceed in an occ&BioaaWj deviating 
tUgzag line, the great nucleus, or head of the die- 
chai^e, becomes drawn out, as it were, into a line 
of light Tiaible through the whole track ; and if 
the discharge divides on approaching terrestrial 
objects, we have what sailors call forked lipitnin^. 
If it does not divide, but exhibits a long rippling 
line, with but little deviation, then they call it 
chain lightning. What sailors term »heet lightnitig, 
is the light of a vivid dischai^e reflected from the 
surfaces of distant clouds, the spark itself being 
concealed bj a dense intermediate mass of cloud, 
behind which the discharge has taken place. In 
this way an extensive range of cloud may appear 
in a blaze of light, producing a truly sublime 
effect. The appearance termed globular lightning 
may be the result of similar discharges ; it is no 
doubt always attended by a difiusely luminous 
track ; this may, however, be completely eclipsed 
in the mind df the observer by the great concen- 
tration and density of the discharge, in the points 
immediately through which it continues to force 
its way, and where the condensation of the air 
immediately before it is often extremely great. 
It is this intensely illuminated point which gives 
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the notion of globular discha:^ ; and it is clear, 
from the circumference of Mr which may hecome 
illuminated, the apparent diameter will be often 
great." 

The following are a few examples of globular 
lightning. In a communication to the Koyal 
Society, Mr. Chalmers atates^that when on board 
the Montague, a seventy-four gun ship, he was 
taking an observation on the quarter-deck on 
the 4th of November, 1749, when one of the 
quarter-masters requested him to look to wind- 
ward ; " upon which he observed a large ball 
of blue fire rolling along on the surface of the 
water, as big as a mill-atone, at about three miles' 
distance. Before they could raise the main tack, 
the b^ had reached within forty yards of the 
main chaine, when it rose perpendicularly with a 
fearful explosion, aad shattered the main topmast 
in pieces." It is important to remark that at the 
time of this occurrence the clouds were in rapid 
motion, and the fire-ball on the surface of the sea 
appeared to move with the same degree of speed; 
BO that it was probably nothing more than a dis- 
ruptive discharge between the sea and the clouds, 
prodn(ung the usual phenomena of thunder and 
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lightning, termed, by the observers, the "rising 
of the ball through the mast of the Bhip," A 
somewhat similar case occurred a short time »gn 
ia Cornwall. Some preventiTe officers were in a 
Teasel in the Helson river engI^^d in guarding a 
foreign ship, when they saw a lai^e ball of fire 
rolling along upon the water, having the appear- 
ance of a tar-barrel on fire. It passed not far 
&om the ship, proceeded down the river, and 
went out to sea. 

The following remarkable phenomena accom- 
panying electrical dischargee of the clouds have 
been by many electricians r^arded as cases of 
globular lightning; but they are not easy to 
expldn on the principle of sudden and intense 
electrical dischai^es. 

A house in Dorking, in Surrey, was struck 
by lightning on the 16th of July, 1750. Those 
who witnessed the accident declared that they 
saw large balls of fire in the air around the 
damaged house. In falling to the ewih, or upon 
the roofs of the houses, these balls separated into 
numerous parts, which were scattered about in all 
directions. In 1772 a ball of light appeared in 
the parlour of a house struck by lightning nt 

Coojlc 
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Steeple Asbton. This ball la described as being 
of the size of a sixpenny loaf, and surrounded 
witii a dark smoke, and is said to have buret with 
a loud noise. In June 1826, a fatal accident 
happened to two young ladies on the Malyem 
Hills, in which the electric diecharge is stud to 
have appeared as a mass of fire rolling along tlie 
hill towards the building in which the party liad 
taken shelter. 

In these and a large number of similar cases 
which might be cited, it is difficult to ofifer an 
explanation on the principles applicable to the 
ordinary electric spark; "the amazing rapidity 
with which this proceeds, and the momentary 
duration of the light, renders it almost a matter of 
impossibility that the discharge should appear 
under the form of a ball of fire ; it would be a 
transient line of light."* The distinguished elec- 
trician here quoted thinks it highly probable that 
in many cases fire-balls are produced by a kind of 
discharge to be noticed presently, called the piou) 
or brtwh discharge in certain points of an excited 
system of ?ax, and preparatory to the more gen- 
eral and rapid union of the electrical forces; 
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"whilst the greater number of discharges de- 
scribed as globular lightning are, most probably, 
nothing more than a rivid and dense electrical 
spark in the act of breaking through the ur, 
which, coming suddenly on the eye, and agwu 
Tanishing, in an extremely small portion of time, 
has been designated a ball of light. Thus, in a 
thunder-storm which damaged a house at East- 
bourne in Suases, in September 1781, balls of 
fire were aald to dart from the clouds into the sea. 
These were evidently common electrical sparks 
seen at a distance ; for when the lightning struck 
the houset ' multitudes saw the meteor dart in a 
right line over their heads, and all agreed that the 
form and flame were exactly like that of an im- 
mense sky-rocket.' " 

The thunder which accompanies a dischai^e of 
lightning has been accounted for in various ways, 
but the most probable conjecture is, that the 
lightning by its heat produces a partial vacuum 
in the atmosphere, and that the sudden rushing in 
of the air from all sides to fill up the empty space 
causes the particles of air to strike agiiinst each 
other, and thus to produce the sound. The 
smacking of a whip is a somewbat similar case ; 
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the fur divided by the swift motion of the thong 
and lash rushes together with great rapidity and 
produces the noise. 

The rolling of thunder has been attributed to 
echoes uuong the clouds, and that such is the case 
has been ascertained by observation on the sound 
of cannon. Under a perfectly clear sky the ex- 
plosions of cannon are heard single and sharp ; 
but when the sky ie overcast, or even when a 
cloud covers a con^derable part of the horizon, 
they are accompanied with a long-continued roll 
like thunder, and occasionally a double sound may 
be heard from a single shot. But there is also 
another cause for the rolling of thunder, as well as 
for its sudden and capricious bursts and variations 
of intensity. It is known that the intensity of a 
sound is proportional to the quantity of it which 
reaches the ear in a ^ven time. " Two blows 
equally loud, at precisely the same distance from 
the ear, will sound as one of double the intensity ; 
a hundred struck in an instant of time, will sound 
as one blow a hundred times more intense than if 
they followed in euch slow succession that the ear 
could appreciate them singly. Now let us con- 
ceive two equal flashes of lightning, each four 
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miles loDg, both b^uming at points equidistant 
{rom tbe hearer, but the one running out in a 
straight line directly away from him, the other 
describing an arc of a circle, having him in its 
centre. Since the velocity of electricity is incom- 
parably greater than that of sound, the thunder 
may be regarded aa originating at one and the 
same instant in every point of the course of either 
flash ; but it will reach the ear under very different 
circumstances in the two cases. In that of the 
circular Sash, the sound from every point will 
arrive at the same instant, and affect the ear as a 
single explosion of stuoning loudness. In that of 
the rectilinear Saeh, on the other hand, the sound 
from the nearest point will arrive sooner than from 
those at a greater distance ; and those from different 
points will arrive in successiou, occupying alto- 
gether a time equal to that required by sound to 
run over four miles, or about twenty seconds. 
Thus, the same amount of sound is in the latter 
case distributed over nearly twenty seconds of 
time, which, in the former, arrives at a single 
burst; of course, it will have the effect of a loug 
roar, diminishing in intensity as it comes from a 
greater and greater distance. If the fiasb be in- 
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diaed in direction, tlie sound will reach the ear 
more compactly, (that ie, in shorter time from its 
commencement,) and be proportionally more in- 
tense. If (as IB almost always the case) the fiaah 
be zigz^, and composed of broken, straight, and 
curved portions, some concave, some convex, to 
the ear; and if, especially, the principal trunk 
separates into many branches, each breaking its 
own way through the air, and each becoming a 
separate source of thunder, all the varieties of that 
awful sound are easily accounted for."* 

Sometimes the thunder does not begin to be 
beard till a considerable time after the flash. 
This arises from the very great difference in the 
rates at which light and sound travel, for there is 
no doubt that the lightning and the thunder are 
produced at the same instant. Astronomers have 
satisfactorily proved that light requires only a 
second of time to travel 190,000 miles ; lightning 
travels at even a greater speed ; bnt supposing its 
velocity to be equal to that of light, it would re- 
quire only one seven thousand six hundredth part 
of a second to travel twenty-five miles ; an eleva- 

' Herechel, TreaUae oa Sound. 
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tion far greater tlian that at which thuDder and 
lightning are produced in our atmosphere. This 
Dunute fraction of a second required for the light 
to travel to the eye of an observer may therefore 
he entirely disregarded, and no error is hkely to 
arise if we consider that we see the lightniDg at 
the very moment of the Sash. 

The motion of sound, however, is exceedingly 
slow, compared with that of light, it being not 
more than about 1,090 feet in a second of time ; 
80 that if the cloud whence the lightning has issued 
be at a distance in a straight line of 1,090 feet, an 
entire second will elapse between the appearance 
of the light and the arrival of the sound. 

A distance of 2,180 feet will correspond to an 
interval of - - - - 2 seconds 
3,270 - - - 3 — 

4,360 - - - 4 — 

5,4.10, or rather more 

than a mile - - 5 — 
and so on in proportion. Hence, an observer who 
shall have determined by his watch the mimher of 
seconds which elapse between the arrival of the 
flash and that of the thunder, may easily tell the 
distance of the thunder-cloud. He has only to 
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multiply the number of eecouda by 1 ,0(>0 feet, and 
the product will be the dietance required ; dividiog 
this product by 5,280, will give the dietauce in 
mileB.* 

Observations of this kind would be useful in 
determining the height of thunder-clouds, and 
would also settle the long disputed question of 
ascending lightning, that is to say, of lightning 
which is supposed to ascend from the earth itself, 
or from a cloud formed near its surface. It would 
also settle another interesting point as to the 
greatest distance to which the sound of thunder 
extends. De lisle once reckoned 72 seconds 
between the lightning and the thunder, which, 
multiplied by 1,090, gives for the distance of the 
thunder-cloud nearly 15 miles. Another observer 
reckoned 49 seconds, which gives a distance of 
about 10 miles. These are the greatest distances 
at which thunder has ever been heard, which is 
remarkable when it is considered that the noise of 
■ It will be borne in mind that the eleratioii thus aBcertaiDed. 
U not wnrilf the verttc^ height of the cload, but iU diattince 
from the obMirer measnied upon a line inclined to the horizon. 
In order to sBcertvn the vertical height of the cload, ita angalar 
hdght must be meunred bj a theodolite, or gome each instni- 
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cannon has been heard at distances Tarying from 
50 to nearly 100 miles. 

But lightning is not at all times accompanied 
by thunder. The broad sheets or flashes which 
may often be obserred in serene nights of summer 
do not produce any noise of thunder. This 
summer lightning, as it is called, has caused much 
discussion among scientific men. It is remarkable, 
however, that Seneca gives what appears to be the 
correct interpretation of this phenomenon. " In 
the calmest nights," he says, "with the stars 
shining bright, you may see lightnings flash; but 
doubt not that, in the direction of the lightning, 
there will be found clouds, which the spherical 
form of the earth hides from our view. The flash 
ascends on high, and appears in the bright and 
serene sky, being withal elaborated in some obscure 
and dark cloud." This view of the origin of 
summer lightning was revived in 1726 by De 
Fesc, who combated the opinion then entertained 
that this was a peculiar kind of lightning, distinct 
from that which produces thunder. According to 
him, summer lightning is the reflection in the 
upper regions of the atmosphere of common light- 
ning, having its origin in a storm of which the 
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direct view is obstructed by the rotundity of the 
earth. 

It is owing to this reflecting power of the 
atmosphere that we enjoy the twilight bo long 
before the bud rises and after it has aet ; but ia 
this reflecting power, it has been asked, sufficient 
to transmit to the earth the comparatively feeble 
illumination of lightning? M. Arago gives avery 
satisfactory reply to this objection. He says : — 
In the year 1739 dnriog the course of the experi- 
ments which Cassini and Lactulle were making 
upon the velocity of sound, the light in the 
atmosphere produced by the discharge of a cannon 
near the lighthouse of Cette was apparent, when 
the observers were situated in stations from which 
the town and the lighthouse were entirely obscured 
by intermediate objects. Again, in the year 1803 
M. de Zach used signals on the Brocken mountains 
in the Hartz, for determining the differences in the 
longitudes, when it was found that observers 
placed upon the mountain Kenlenherg, at a dis- 
tance of more than sixty le^ucs, saw the flash 
from the explosion of six or seven ounces of 
powder in the open ^, and this when the Brocken, 
onjiccount of the rotundity of the earth, waa quite 
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invisible from the Kenlenberg. M. Arago also 
gives a case from Ha own experience: — When the 
gime of the lower battery at the Hotel des In- 
valldes at Paris are fired, an observer placed in 
the walks of the garden of the Luxembourg, in a 
spot whence neither the body of the building nor 
even the dome of the hospital can be seen, may 
still perceive in the sky, at the moment of dis- 
charge, a flash which extends to the zenith,* and 
even beyond it. If, then, he adds, the compara^ 
tively feeble light resulting from the firing of a 
few ounces of powder is so evidently reflected in 
the atmosphere, what may not be anticipated from 
the reflection of the infinitely more vivid flash of 
lightning ? 

But a still more satisfactory proof of the accu- 
racy of the above explanation has been g^ven. 
In the year 1783, in the night between the 10th 
and 11th of July, Saussure was an inmate at the 
Hospice du Grimael, The sky was peculiarly 
calm and serene ; nevertheless, when he cast his 
eye towards Geneva, he perceived in the horizon 
several bands of clouds, whence flashes of lightning 

■ The i&iilh is a point iu the sk; emctl; over the head of the 
obeerTer. 
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issued, but qo thunder was heard. He afterwards 
learned that at the very time he was obserring 
the lightoing a most tremendous thunder-storm 
was ra^Dg at Greneva. A similar observation was 
made by Mr. Luke Howard at Tottenham, on the 
Slat Jidy, 1813, when some trifling flashes of sheet 
lightning were seen in the distant horizon towards 
the Bouth-eaot ; the sky was bespangled with stars, 
and not a cloud was to be seen. Soon after this, 
Mr. Howard learned from his brother in the south- 
east comer of England, that on that same 31st of 
July, at the very time the silent lightnings were 
seen at Tottenham, there raged at Hastings a 
dreadful storm, which also extended over France 
as far as from Dunkirk to Calais. 

But if lightning is sometimes seen without 
its usual noisy accompaniment, thunder is ideo 
sometimes heard without the lightning being 
vifflble. M. Arago imagines a case of this kind. 
Suppose there are two distinct strata of clouds, 
one above the other ; suppose the upper stratum 
to become the centre of a great storm, that it 
ie furrowed by brilliant lightning, and gives out 
many load resounding thunders. If the lower 
stratum of clouds is very opaque or very thi<^, 
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the lightning's glare, however vivid, will not 
be able to traverse it ; nearly the whole of it will 
be absorbed, and no visible portion of it will 
reach the surface of the earth ; whilst, at the same 
time, as bodies through which light cannot pass 
allow a free passage for sound, the same individual 
who dietinctiy hears the thunder may see nothing 
of the lightning. 

But it is stated, that thunder may occasionally 
be heard on serene and cloudless days. An accu- 
rate observer, quoted by M. Arago, being at Pont- 
chartnun near Veretullea, heard very distinctly 
four or five peals of thunder. He looked carefully 
around him, but could perceive no doud, either 
above or near the earth. Now, if these five peals 
of thunder did not originate in the clear aky, they 
must have proceeded from clouds below the hori- 
zon, and there is no doubt the latter was the case, 
since an hour after the thunder was heard, the 
sky was covered at Pontchartrain with majesUc 
haal-clouds. AVhenever thunder is heard with a 
serene sky, we ought therefore carefully to ex- 
amine all round for clouds beginning to appear in 
the horizon. 

There is another description of runteiesa light- 
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mng, if such it maj be called, which appears aa a 
tuminoua glow upon pointed bodies, such as the 
masts of ehips, the points of spears, &c. It ia 
known to the French and Spaniards under the 
name of St. E3,m<^s or 8t. Helmut Fires, and to 
the Italians, as the Jires of St. Peter and St. 
Nicholas. The Portuguese call them Corpo Santoi, 
which the English sailors seem to have corrupted 
into ComazaiUs. 

One of the earliest notices of this phenomenon 
is recorded in the " Commentaries of Csesar," in 
his book " De Bello Africano :" — 

" In the month of February, about the second 
watch of the night, there suddenly arose a thick 
cloud, followed by a shower of hail ; and the 
same night the points of the spears belonging to 
the fifth le^on seemed to take fire." Seneca, 
also, in his " Qufestiones Natnrales," states, that a 
star settled on the lance of Q-ylippus as he was 
sailing to Syracuse. Pliny, in his second book of 
Natural History, calls these appearances gtan, 
and says that they settle not only upon the masts 
and other parts of ships, but also upon men's 
heads. — " Stars make their appearance both at 
land and sea. I have seen a light in that form on 
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the Bpears of Boldiers keeping watch by night upon 
the ramparts. They are seen also on the sail- 
yards, and other parts of ships, malting an audible 
sound, and frequently changing their places. Two 
of these lights forebode good weather and a pro- 
eperouB voyage, and extinguish one that appears 
single, and with a threatening aspect. This the 
sailors call Helen, and the two they call Castor and 
Pollux, and invoke them as gods. These lights 
do sometimes, about evening, rest on men's heads, 
and are a great and good omen. But these are 
among the awful mysteries of nature." Livy also 
(c. 32) relates that the spears of some soldiers in 
Sicily, and a walking-stick which a horseman in 
Sardinia held in his hand, seemed to be on fire. 

The auspicious view with which the ancients 
regarded these appearances was continued by the 
modems, modified, however, by the peculiar su- 
perstitioQS of the times. 

In the record of the second voyage of Columbus, 
written by his son, occurs the following passage : — 

" During the night of Saturday (October 1493) 
the thunder and rain being very violent. Saint 
Elmo appeared on the topgallant-mast with seven 
lighted tapers ; that is to say, we saw those fires 
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which the sailors believe to proceed from the 
body of the Baint. Immediately all on board 
began to sing litanies and thank Bglvings, for the 
Bfulors hold it for certain that as soon as St. Elmo 
appears, the danger of the tempest is over. But, 
however this may be," &c. Herrera also notices 
that Magellan's Bidlors had the same superstitions. 
A far more matter-of-fact account of the 
phenomenon is related in the memoirs of the 
Count de Forbin. This navigator, sailing among 
the Balearic Islands in 1696, states, that during 
the night a sudden darkness came on, accom- 
panied by fearful lightning and thunder. All 
the sails were furled, and preparations were made 
for the storm. " We saw more tfaui thirty St. 
Elmo*B fires. There was one playing upon the 
vane of the mainmast, more than a foot and a half 
high. I sent a man up to bring it down. When 
he was aloft he cried out that it made a noise like 
wetted gunpowder in burning. I told him to take 
eff the vane and come down ; but scarcely had he 
removed it from its place when the fire quitted it 
and re-appeared at the end of the mast wiUiout any 
posability of removing it. It remained for a long 
time, and gradually went out." 
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This homely deBcription of the phenomenon 
agrees very well with the accounts of more recent 
obBervers. Lieutenant Millie^ K.N. in a com- 
muDicatlon to FrofeBSor Jameson's "Edinburgh 
PhilosophicalJoumal," states, that according to 
his experience on board ship, St. Ehno's fire 
usually appears on metal, such aa iron bolts and 
copper spindles ; but that on one occasion he 
noticed it on a spindle of hard wood from which 
the copper had been remoyed. He noticed that 
bad weather always followed the phenomenon.* 

On one occasion, in September 1827, he was 
off the coast of Brazil ; the day had been sultry, 
and heavily charged clouds had been collecting in 
the S.W. As evening approached it became very 
dark ; the lightning was very vivid, and was fol- 
lowed by heavy peals of distant thimder. About . 
ten o'clock a light was observed on the extremity 
of the vane-staff at the mast-head, and shortly 
afterwards another on the weather side of the fore- 
topsail-yard. One of the midshipmen, curious to 

■ ThU remark does not iigree with experience. St. Elmo's 
fire niS7 and often does appear after a Btorm, and is the harbin- 
ger of faJT veatber. Sach appeus to have been the beliof of 
Columboe'a Bailors. 
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exatnine this appearance a little more cloaelyi wen*" 
aloft. He found that it appeared to proceed ^tn 
an iron bolt in the yard-arm ; its size was rather 
larger than that of a walnut, and it had a ftunt 
yellow cast in the centre, approaching to blue on 
the external edge. On applying his hand to it, it 
made a nobe like the burning of a port-fire, emit- 
ing at the same time a dense smoke without any 
sensible smell.* On taking away his hand it 
resumed its former appearance, but when he 
applied the sleeve of his wet jacket, it ran up it, 
and immediately became extinguished, and did not 
appear agun. The light on the vane-staff retained 
its position for upwards of an hour, but on account 
of the heavy rain, and probably alao from having 
been struck by the vane attached to the staff, it 
went out, hut resumed its position after the rain had 
ceased, although with a less degree of brigbtnese. 
These appearances depend upon the peculiar 
action of pointed bodies upon the highly electrified 
particles of air, and from which lightning con- 

* ItisQOt easy to accDnnt for tliiB part of the description, ex- 
cept on the Buppoaition that the young obflerrer, naturally aaao- 
elating smoke Tith an appearance so mnch reaembling Jlamt, 
faneiid he lav the one accompanying the other. 



THE BRUSH DI8CBABOE. IH 

ductors derive a great part of their value. The 
electrical condition of the partlclea of air at the 
upper extremity of the rod, or at the point of 
a ship's mast, &c., becomes so highly exalted that 
these particles discharge themselves upon the 
particles immediately above thera, the electrical 
condition of which is less intense. " The conse- 
quence of this is, a luminous brush of beautifully 
coloured light, attended by a sort of roaring noise. 



This brush discharge may be considered as taking 
place between a good and bad conductor: it is, in 
fact, an intermitting series of electrical sparka 
between metal and air, but in such rapid succes- 
sion aa to convey the idea of a continuous stream. 
The discharge in this case always commences at 
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the root of the brush, and is complete at the point 
of the rod before the more distant particles attfun 
the same intensIty^ : hence the discharge is pro- 
gressive, and occupies a sensible time."* Some- 
times the appearance of the brush is chajiged into 
that of a star, especially when proceeding from 
negative or resinous electricity ; in which case the 
dischai^e is towardt the pointed conductor, and not 
from it, as in the caee of the brush discharge. 

There is another kind of discbarge, called the 
plow diaeharge, in which a metallic rod in contact 
with air which is becoming rapidly charged, is 
covered with a beautiful glow of lambent light. 
The beauty of this efiect is greatly increased 
either by diminishing the atmospheric pressure, 
or by augmenting the electrical force. Faraday 
produced on a brass ball within the exhausted 
receiver of an air-pump, a glow of light over a 
surface of two inches. The glow came over the 
hall, and gradually increased in brightness, until it 
was at last very luminous, and stood up like a 
low flame of half an inch or more in length. 

When a powerful electrical machine is being 
worked in a room, the air is thrown into the state 
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&vourable for the production of St, Elmo's fire ; and 
■ccordinglj, aay projecting sharp points about the 
room may be seen in the dark tipped with light. 
Although this phenomenon is usually associated 
with the masts of ships, it must not be supposed 
that its action is thus limited. It has been seen 
on the points of spears, as already noticed ; on 
the tops of steeples and other elevated summits of 
a city ; and during a snow-storm, when much 
electricity is set free, branches of trees have exhi- 
bited a faint bluish light. In January, 1624, 
after a storm, M. Maxadorf noticed in a field near 
Cothen, a cart-load of straw, situated immediately 
under a large black cloud; the extremities of the 
straw appeared to be on fire, and the carter's whip 
was also luminous. This phenomenon lasted about 
ten minutes, and disappeared as the black cloud 
waa blown away by fhe wind. It is also stated 
by Bozet, that while some French artillery officers 
at Algiers were walking on the terrace of a fort on 
the 8th of May, 1831, after sunset, during a storm, 
their heads being uncoTered, they were surprised 
to see that each one's hair stood on end, and that 
each hur was terminated by a minute luminous 
tuft ; on raising their hands, these tufte appeared 
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aleo at the extremitiee of the frngers. Another 
example &oid the eame locality is interestiDg. An 
officer of the Algerian army states that during a 
violent storm on the 25th of September, 1840, he 
observed that the arms of the men, when piled in 
stands, exhibited no symptoms of the electric 
fluid playing about them; but when the men 
carried them, the points of the bayonets were 
strongly lumiuous, not, however, giving out any 
Bparks. The drops of rain that fell during the 
storm on the beards and moustachioe of the men, 
remained hanging from them in a state of phos- 
phorescence. When the hair was wiped, the phe- 
nomenon ceased, but was renewed the moment 
any fresh drops feD on it. 

Profeseor Forbes describes the curious effects 
produced by a ^milar state of the atmosphere 
near Mont Cervin. The atmosphere was very 
turbid, the ground was covered with half-melt^ 
snow, and some hail began to fall, " We were 
perhaps 1,500 feet below the Col, or still above 
9,000 above the sea, when I noticed a curious 
sound, which seemed to proceed from the Alpine 
pole with which I was walking. I asked the 
guide next rae whether he heard it, and what he 
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thought it was. The members of that fraternity 
are very hard pushed indeed, when they have 
not an answer for any emergency. He there- 
fore replied, with great coolness, that the rustling 
of the stick no doubt proceeded from a worm 
eating the wood in the interior I This answer did 
not appear to me satisfectory, and 1 therefore 
reversed the stick, so that the point was now 
uppermost, The worm was already at the other 
end I I next held my hand above my head, and 
my fingers yielded a fizzing sound. There could 
be but one explanation — we were so near a 
thunder-cloud as to be highly electrified by induc- 
tion. I soon perceived that all the angular stones 
were hissing round us, like points near a powerful 
electrical machine. I told my companions of our 
situation, and begged the guide to lower hie um- 
brella, which he had now resumed, and hoisted 
agunet the liMl-shower, and whose gay brass 
point was likely to become the paratoniierre* of 
the party. The words were scarcely out of my 
mouth when a clap of thunder, unaccompanied by 
lightning, justified my precaution." 

• The French irord for a ligbtniiig oondactor. 
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CHAPTER V. 



DiBCHAAOEe of lightning through various bodies 
^ve rise to a variety of remarkable effects, which 
seem to have but little connexion with each other. 
Some of these efiecte have been already mentioned 
and illuetrated, and others remain to be noticed. 

I. Odour of Sulphur, — It is a matter of common 
observation, that a heavy discbarge of lightning is 
succeeded by a aufibcatlng odour, similar to that 
of burning sulphur. This is eepecially the case 
where the discharge has exploded in a confined 
space, such as a house, or between the decks of a 
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ohip. In the case of the New York padcet, already 
Doticed, the cabins were filled with a thick sul- 
phureous smoke, which, after the second dis- 
chai^, was so thick in the ladies' cabin that 
objects could not be seen through it. So, abo, 
in the case of the Montague, it is said of this 
odour, that " the ship seemed to be nothing but 
sulphur." On the Slet December, 1778, at 3 p.m. 
the Aiicu Saat Indiaman, lying in the Thames, 
was struck by lightning, which killed a sailor in 
the rigging. The ship for a moment seemed to be 
on fire, but, in fact, received no sensible damage. 
A strong sulphureous odour was, however, difEused 
through it, which continued during the day and 
the next night On the 18th February, 1770, the 
church of St. Kevern, in Cornwall, was struck 
with lightning during divine service, when the 
whole congregation became senseless. The church 
was filled with a suffocating sulphureous odour. 
On the 18th July, 1767, lightning passed down 
the flues of six chimneys of a house in Paris, dif- 
fusing through the house a suffocating odour. 

Other cases are recorded in which tins smell of 
burning sulphur has been noticed in the open air 
during a thunder-storm. Thus, in Dampier's 
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Voy^ies, it is atated by Wafer, a sui^eon, that in 
a thnader- storm on the Isthmus of Darien the air 
was infected with a sulphureous odour so strong 
as to check respiration, especially iu the woods. 
The same observer states that, on another occa- 
sion, while croasing a hill after sun-aet, he was 
overtaken by a terrible storm, in which the light- 
ning was attended by an odour of sulphur so intense 
that the travellers were nearly suffocated by it, 

In addition to this testimony it may be stated, 
that masses of sulphur have actually been found 
on the ground after a thunder-storm. In a com- 
munication to the Royal Society, dated Newport, 
Isle of Wight, July 9, 1733, Mr. Benjamin Cook, 
F.R.S., states, that after a night of almost con- 
tinual lightning, accom- 
panied with very loud 
claps of thunder, a hus- 
bandman found in a 
meadow near the sea- 
shore, far from any 
house," a beautiful yel- 
low ball lying on the turf, having a very strong 
smeD of sulphur. It was frosted all over vrith an 
efBorescence of fine, shining, yellowish crystals. 
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which fell off at the slightest touch. On one side 
was a deep hole, large enough to admit the end of 
a middle-sized knitting-needle, and in the opposite 
side a deep depression. Several other small holes 
were scattered over its surface. The ball was 
nearly an inch in diameter, and its weight 108 
grains. The solid portion seemed to be more 
compact than the common roll brimstone of the 
shops, and it burned with a whiter 3ame. 

It is not easy, iu the present state of electrical 
science, to account for the sulphureous odour 
above noticed. It is, however, a well-known 
property of the electrical discharge, " to dr^ into 
its path light conducting substances, which can 
facilitate its progress, and by which it is enabled 
to strike through distances considerably greater 
than would otherwise be traversed. Thus traces 
of smoke, free vapour, or any other conducting 
matter floating in the air, will irequently deter- 
mine the course of lightning; and not only deter- 
mine it as to direction, but greatly modify its 
appearance. A heated or whirling column of ^r, 
such as is sometimes seen to arise even in a tran- 
quil state of the weather, would produce a umilar 
effect through its interior and rarefied portion; 
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and there is little doubt that conducting matter, 
when drc^ed into the path of lightning, would 
be intensely heated and decomposed."* 

Although most observers have compared the 
odour of the electric discharge to that of burning 
sulphur, some have supposed it to reaemble the 
odour of phosphorus, and others that of nitrous 
acid. Dr. Faraday is of opinion that the odour 
Ib due to the formation of this acid, but M. Schon- 
bein traces it to the formation of a new substance, 
which he calb Ozone. 

II. Chemical cAaw^CT.— Lightning produces cer- 
tain chemical chaoges in the atmosphere, by con- 
verting a portion of the two gases, oxygen and 
nitrogen, of which it is principally composed, into 
nitric acid, or aquafortis. It was proved, long 
since, by Cavendish, that this powerful acid could 
be formed by passing artificial electrical discharges 
through a confined portion of air ; and Liebig has 
recently shown that in seventeen specimens of 
rain-water, collected during or immediately after 
thunder-storms, all contained nijjric acid in greater 
or less quantities, in combination with lime, or 
■ BuriB. 
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with ammonia. Out of sixty apecimene collected 
during ordinary rains, theae aubatances were not 
found in fifty-«ight, and the other two ezhituted 
onlj a mere trace of nitric acid. 

III. Fusion of jnetaU. — The property of light- 
ning in fusing metale has been ^ready noticed 
incidentally. A few more instances will be in- 
teresting in a chapter intended to illustrate the 
effects of lightning. 

On the 20th April, 1807, at Great Marton, in 
Lancashire, a windmill was struck by lightning, 
which, having passed along an iron chain, softened 
the linta, eo that by their own weight they became 
welded together, and the chiun was converted into 
a rod of iron. In June, 1829, a similar occur- 
rence took place at a windmill at Toothill, in 
Essex. In 1754, at Newbury, in the United 
States, the steeple of a church was struck by 
lightning, after which it was examined by Frank- 
lin, who found that the lightning had paesed along 
an iron wire twenty feet long, and about the 
thickness of a knirtting-needle, which it reduced 
to smoke. The course of the wire along the walls 
and floors was marked by a black line, like that 
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left after the firing of a train of gunpowder. 
Another wire in the eame tower, of the thi<^eeB 
of a gooee-quill, transmitted the lightning without 
being fused. A house in Westminster, which 
had been struck by lightning, was examined by 
Faraday, who states that the discharge passed 
down Uie bell-wires and destroyed them entirely, 
leaving the oxides which resulted from the com- 
bustion impressed upon the walls of the room in 
bands eight or nine feet wide. 

In all the foregoing cases it will be observed 
that the metal chain, rod, wires, &c. were not of 
sufficient size to convey away the charge of light- 
ning ; but, being delayed in its progress, the 
astonishing heating power of the electric fluid had 
sufficient time allowed to fuse or to bum away 
the combustible metal. According to Harris, a 
copper rod of three-fourths of an inch in diameter, 
or an equal quantity of copper under any other 
form, would be sufficient to withstand the heating 
effect of any discharge of lightning whose destruc- 
tive influence has ever been recorded, 

IV. Vitrifications and lightning tubes. — Several 
travellers have noticed on the summits of high 
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mountunB certain appearaDces of nitrification, or 
the coaveraion, by heat, of the surface of the atone 
into a kind of glasa or enamel. These phenomena 
are suppoeed to have been produced bj lightning, 
and the conjecture is supported by such facts as 
the following : — 

On the 3d July, 1725, at Mixbury, in North- 
amptonshire, lightning killed a shepherd and five 
8beep in an open field. Close to the body of the 
man were found two boles, five inches in ^ameter, 
and forty inches deep. Near the bottom of one 
of them was a very hard stone, ten inches long, 
six inches broad, and four inches thick. The 
surface of this stone was vitrified. In the year 
1750 ^lightning struck a tower at Bologna. Bec- 
caria, who examined it, found a brick at the place 
where the lightning struck, covered with a greenish 
transparent glass, which evidently proceeded from 
the vitrification of a thin layer of mortar which 
covered the brick. On the 3d September, 1789, 
lightning struck an oak in the park of Lord 
Aylesford, at Fackington, and killed a man who 
had sought shelter under it. This man held a 
walking-stick, which seems to have conducted the 
lightning to the ground, for at its point was found 
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a hole five inches in depth, and two-aad-arhalf 
inches in diameter. Dr. Withering, who examined 
this hole a few minutes after the accident, found in 
it nothing but a few roots of grass burnt by the dis- 
charge. And here the obaervation would probably 
hare terminated had not Lord Aylesford deter- 
mined to erect a monument on the spot, with an 
inscription, intended to warn persons ag^nst seek- 
ing refuge under trees during a thunder-storm. In 
digging the foundation it was found that the soil 
had been blackened to the depth of about ten inches. 
At this depth a root of the tree presented itself: 
it was quite black; but this blackness was only 
superficial, and did not extend far along it. About 
two inches deeper there were evident marks of 
fusion. Dr. Withering forwarded to the Koyal 
Society an account of this accident, together with 
several etony masBes which had been dug out and 
exhibited marks of fusion. Among these was a 
quartz pebble, one comer of which had been com- 
pletely fused : also a mass of sand agglutinated 
by the heat ; in this mass was a hollow part, where 
the fusion had been so perfect that the siliceous 
matter had flowed the whole length of the cavity, 
and presented, at its termination, a globular form. 
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Vitrified tubes of sand, of very lai^e dimeD'- 
sions, have been found in various parts of the 
world Id sand-hills. They first attracted the 
notice of scientific men in the year 1711, "(vhen 
they were discovered by Herman, the pastor of 
Massel, in Silesia. Specimens of them are still 
preserved in the mineralogical museum at Dres- 
den. In 1805 they were again noticed by Dr. 
Hentzen, who found them in Paderbom, and was 
the first to point out their true origin. Since 
that time they have been found in various places, 
and, among others, at Drigg, in Cumberland. The 
following account of them at the latter place is 
abridged from the Transactions of the Geolo^cal 
Society for 1812;— 

Between the mouth of the river Irt and the sea, 
near Drigg, in Cumberland, there were dbcovered, 
in 1812, in a sand-hill forty feet above the sea 
level, three hollow tubes, of a vitreous substance, 
rising perpendicularly above the surface. The 
sand was dug away round one of these tubes, to 
the depth of fifteen feet, and, subsequently, to the 
depth of twenty-nine feet, where a bed of pebbles 
intervened. Here the tube came in contact with 
a fragment of homstone porphyry, glanced off 
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from it at an angle making about 45° with the 
horizon, and then returned to its former vertical 
position. Below this the tube became extremely 
delicate, and was frequently broken ; and at the 
distance of a foot the eand fell in and prevented 
further investigation. The tube tapered in its 
descent, being at the surface one inch and a half 
in diameter, and at the bottom of the excavation 
only half an inch. Small lateral branches, two or 
three inches long, pro- 
ceeded from different 
parts of the stem ; these 
■were not more than a 
quarter of an inch in 
diameter. They were 
hollow, conical, and end- 
ed in points, gradually 
bending downwards. 

The sides of these ' 
curious tubes were very 
hard and rigid, and were 
coated outwardly with 
black and white parti- 
cles of sand, mixed to- 
gether, and rounded as if by incipient fusion. The 
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rough and uneven outer surface, which Bometlmea 
preaented deep furrows, like the bark of ti tree, 
formed a striking contrast with the inner surface 
of the tube, where there was no longer any ap- 
pearance of sand, but a whitish or limpid vitrified 
matter, covered with a smooth glaze. This sub- 
stance was hard enough to scratch glass. The 
whole tube had the appearance of being creased 
by compresraon wUle in a solid state, and thus 
the tube was sometimes so Battened as to be 
entirely closed. On touching the pebble above- 
noticed, the tube was welded to it, but, on the 
side adjacent to the pebble, the substance of the 
tube was wanting, and in place of it an unglazed 
rust-coloured mark, passing across the fiat face of 
the stone, and having minute particles of glass 
attached to certain parts. 

After various experiments on the sand of these 
hillocks, made with a view to ascertain the cause 
of the phenomenon, it was found that the sub- 
stance of these tubes could be imitated, in some 
degree, by subjecting the sand to intense heat. 
The flame of a spirit lamp, ui^ed by a stream of 
oxygen gas, formed a clear glass from the sand of 
the hillock ; but even thus the fusion was partial. 
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and' the utmost intensit; of the flame was reqmred 
to support it. 

That the tubes found in the hillock were very 
recent was certwi, from the shifting nature of the 
sand ; and as they had all the marks of fumon, 
it seemed evident to the scientific persons who 
conducted the inquiry, that lightning alone was 
capable of affording sufficient heat and force to 
make them. 

The sand hillocka of Dngg, though of inconr 
siderable elevation, are said to be not unfaTour- 
ably situated for promoting a discharge, since they 
present themselves as the first and highest object 
in front of the marshes of the Irt to clouds coming 
fi-om the sea. 

Mr. Darwin has also described similar tubes, 
discovered by him in South America, in a broad 
band of sand hillocks, near the river Plata, a 
few miles &om Maldonada These sand hillocks, 
not being protected by vegetation, are constantly 
changing their position ; consequently the tubes 
projected above the sorface; and numerous frag- 
ments lying near, showed that they had formerly 
been buried to a greater depth. Four sets 
entered the sand perpendiculariy : by working 
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withbiB hands Mr. Darwin traced one of them 
two feet deep ; and some fragments, which had 
evidently belonged to the same tube, when 
added to the other part, measured five feet three 
inches. The diameter of the whole was nearly 
eqnal. The internal surface was completely vitri- 
fied, glossy, and smooth. A small fragment, 
examined under the microscope, appeared, from 
the number of minute entangled air, or perhaps 
steam bubbles, like an assay lueed before the 
blow-pipe. The sand was entirely or in greater 
part siliceous ; but some points were of a black 
colour, and irom their glossy surface possessed a 
metric lustre. The thickness of the wall of 
the tube varied Irom a thirtieth to a twentieth of 
an inch, and occasionally even equalled a tenth. 
On the outside, the grains of sand were rounded, 
and had a slightly glazed appearance. The tubea 
were gener^y compressed, and had deep lon- 
gitudinal furrows, eo as closely to resemble a 
shrivelled vegetable stalk, or the bark of the elm 
or cork tree. Their circumference was about 
two inches, but in some fragments, which were 
cylindrical and without any iiirrows, it was four 
inches. The compresBiott from the Burroundtng 
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loose sand acting while the tube was still softened 
from the effects of the intense heat, had evidently 
caused the creases or furrows. Judging from the 
uncompressed fragments, Mr. Darwin thinks the 
measare or bore of the lightning (if such a term may be 
used) must have been about one inch and a quarter. 

Attempts have been made to produce these 
tubes by means of a powerful electi-ical battery 
passed through finely powdered glass. A tube 
produced in this way was nearly an inch long, 
with an external diameter varying from an eighth 
to a tenth of an inch, with an internal diameter of 
about the twenty-fifth of an inch. The attempts 
ftuled with powdered felepiu: and quartz : and yet 
such is the wonderful power of lightning, that it 
has formed tubes thirty feet long, and in the 
uncompressed part full an inch and a half in 
diameter, and tbis in so refractory a substance as 
quartz. 

It appears also that several tubes .are produced 
by one stroke, the lightning apparently dividing 
it^lf into separate branches shortly before enter- 
ing the ground. 

In order to render it quite certain that lightning 
is the ^ent employed in the production of these 

81^- 
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tubes, an example was wanting in whicli Hghtninv 
was actually seen to strike the ground in which 
these tubes were afterwards found. Such a case 
has been given by Dr. Fiedler. On the 13th 
July, 1823, lightning struck a bli-ch-tree near the 
Tillage of Bauschen, on the shores of the Baltic, 
and at the same time set fire to a juniper-bush. 
Some people ran to the spot, and found near the 
tree two narrow and deep holes. One of them, 
notwithstanding the cooling effect of the rain 
which was falling, was hot to the touch. Pro- 
fessor Hagcn, of Konigsbei^, caused the earth 
about the holes to be carefully removed, and at 
the depth of about fifteen inches a vitrified tube 
commenced, which bore the same characters as 
in those already noticed. 

V. Mechanical Efects. — When lightning strikes 
solid bodies which are imperfect conductors, it 
tears them to pieces, and scatters huge fragments 
to a great distance, just as if a powerful explosive 
force were suddenly generated within them. In 
fact, if a quantity of gunpowder were concealed 
within a solid substance and fired, the effects of 
the explosion would resemble those of lightning. 
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A few examples will show this. Oa the night 
between the Htb and 15th of April, 1718, the 
church of Gouesnon, near Brest, was Btruck by 
lightning with such force that it shook as if by an 
earthquake. The stones of the walls were pro- 
jected in all dirtctiotu to a distance of from fifty 
to sixty yards. In January, 1762, lightning 
struck the church of Brcag, in Cornwall, and 
destroyed the south-west pinnacle of the tower. 
A stone weighing 170 lbs. wa^ projected from the 
roof of the church to a distance of sixty yards in 
a iffuthem direction. Another fr^ment of stone 
was projected to the north, to a i^tuice of four 
hundred yards. A third was projected to the 
southr-tcegt. On the 6th August, 1S09, at two 
o'clock P.M. at Swinton, near Manchester, light- 
ning struck the house of Mr. Chadwick. The 
bouse was immediately filled with a sulphurous 
vapour. The external wall of a building erected 
Bgiunst the house as a coal-shed was torn from 
its foundations, r^ed in a moss, and conveyed to 
a distance varying between nine feet at one end 
and four feet at the other. It maintained its 
erect position for some distance. This wall was 
eleven feet lugh, three feet thick, and ita founda- 
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tion was aboat a foot below the ground. It was 
composed of 7,000 bricka, which (without reckon- 
ing the mortar by which they were held together) 
would have weighed about twenty-aix tone. 
Above this coal-ehed was a cistern, which at the 
time of the occurrence cont^ned a quantity of 
water, and the shed contiuncd about a ton of coals. 
The explosive force of lightning has been ex- 
pWned by an ingenious theory by M. Arago. 
The heating power of the electric fluid has been 
already illustrated, by which it was seen that the 
discharge of an electric battery or a stroke of 
lightning is sufficient to melt, burn away, or 
make red-hot, a wire or rod of metal, according to 
its thickness and the force of the discharge. If 
water be heated to a very much lower tempera- 
ture than is required to make iron red-hot, aay to 
500° Fahr., steam would be generated with a 
pressure of 675lbs. on the square inch. Now, 
M. Arago supposes that when a badly conducting 
solid is struck by lightning, the moisture con- 
tained in it becomes suddenly converted into 
high-pressure steam, the elastic force of which 
rends it to pieces, and scatters it in all directions, 
" If we suppose moisture in the fissuies and cells 

,Goo;,k 
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of common building etone Btruck by lightning, 
the sudden development of steam would break it, 
and the fragments would be projected to a dis- 
tance in all directions. Under the same cir- 
cumstancee, the sudden transformation into a 
highly elastic vapour of the water mingled with 
the strata on which the foundations of a dwelling- 
house repose, will be sufficient to uplift the entire 
edi£ce, and transport it, as has actually been 
done, to a considerable distance." 

The singular tearing into shrede which wood 
imdergoes when it has been penetrated by light- 
ning, certainly indicates the presence of some 
powerfully expansive force. For example, in 
the year 1676 a flash of lightning struck the 
abbey of St. M^dard de Soissons, and its effects 
on some of the rafters of the roof are thus de- 
scribed by an eye-witness : — " Some of them 
were found divided from top to bottom, to the 
depth of three feet, into the form of very thin 
laths; others of the same dimensions were broken 
up into long and fine matches ; and some were 
divided into such delicate fibres, that they almost 
resembled a worn-out broom." The effects of 
lightning upon green wood are equally remarkable, 
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On tbe 27th June, 1756, at tlie abbey of Val, 
near tlie island Adam, the lightning struck a Urge 
solitary oak, fifty-two feet high, and somewhat 
more than four feet in diameter at its base. The 
tmnk was entirely stripped of its bark, which was 
found dispersed in small Iragmenla all round the 
tree to the distance of thirty or forty paces. The 
trunk, to within about two yards of the ground, 
was cleft into portions almost aa thin as laths. 
The branches were still connected with the trunk, 
but they, too, were deprived of every particle of 
bark, and had been subjected to a most remark" 
able slicing. The trunk, branches, leaves, and 
bark, did not exhibit any trace of combustion, 
only they appeared completely dried up aSid 
witiiered. On the 20th July of the same year, 
lightning struck a large oak in the forest of Ram- 
bouillet. On this occasion the branches were 
totally Beparate<l from the trunk, and dispersed 
around with a certain degree of regularity. They 
did not appear to be withered, and then- bark 
seemed sound. The trunk itself had not been 
pealed clean, but, like the oak of the island Adam, 
it had become a mere bundle of laths; there was 
dso this difference, they extended to the very 
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ground instead of the process being arreBted at a 
certain height. A somewhat similar case is related 
by Mr. Jesse of the effect of lightning on a fine 
lai^e thriving oak in Itichmond-piU'k. All the 
iDun branches had been carried away, one large 
limb being sixty paces from the tree. The tree 
itself, which might have contained from two to 
three loads of timber, was split in two, and the 
bark so completely stripped from it, that on 
removing the turf which surrounded the butt of 
the tree, the bark had disappeared even below the 
surface of the ground. Not one of the small 
shoots or branches conld be found, but the ground 
Ivaa strewed with a quantity of black brittle 
substances, which pulverized in the hand on being 
taken up. The tree was standing near some 
others which were uninjured. A person who was 
near at the time stated that the noise and crash 
were tremendous, and that the destruction of the 
tree was instantaneous. In another case, de- 
scribed by Professor Munke, the lightning struck 
an oak, the diameter of which was three feet at 
the level of the ground. The entire trunk of this 
great tree c^sappeared; or, to speak more accu- 
rately, the lightning had separated it into shreds 
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many feet long, and between a line and a line aai~ 
a half in tliickneBa. Three limbs, from twenty to 
twenty-four inches in diameter, had faUen ver- 
tically, cut clean through as if by a single strokd 
of a htitchet; they preserved Uieir leaves and 
branches. Not the slightest trace of burning or 
blackening waa perceived. On the 25th May, 
1842, at the village of Adforton, near Ludlow, 
lightning struck a poplar-tree nearly forty-five 
feet high ; it was shivered to pieces, and the 
ground for a hundred yards round it thickly 
covered with splinters, from four to twelve inches 
long, many of which seemed entirely smashed. 
The body of the tree was divided into eight or 
ten large portions, which came away with the 
branches and fell wide of each other, but all on 
the south side. None of the fragments or splinters 
were at all singed or discoloured.* On the 2d 
March, 1812, H.M. ship Slaie had the main top- 
gallant and royal masts shivered by lightning. 
The top-gallant mast, which had a quantity of 
green sap in it, was thrown out by the shock into 
long fibres in all directions. It was stated by 
.Admird Sir Edward Codrington, who then com- 
* See PronUipiece to this chapter, p. 116. 

,>8lc 
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manded the ship, that the mast "looked like a 
tree with branches." All tbeee remarkable re- 
Bttlts appear to be the necessary consequence of 
the action of some elastic force developed between 
the fibres of the wood ; it may be the moisture 
or the eap of the wood suddenly traosformed into 
steam by means of a flash of lightning, or it may 
be the expansive force of the air, or some other 
force the nature of which we are ignorant. Its 
effects, as exhibited in the foregoing facts, are tre- 
mendous, but they appear still more so iu the 
details of damage by lightning at sea, partly because 
when ships are struck there are many intelligent 
observers at hand to relate all the particulars, 
which is not often the case iu accidents from light- 
ning occurring on land. 

A remarkable instance of the expansive force of 
lightning occurred in the case of H.M. revenue 
Cruiser Chichester, in a atorm on the coast of Gal- 
way, on the 7th of March, 1840, when the masts 
and part of the decks and bulwarks were destroyed. 
A ball of fire, it is eaid, descended from the mast, 
and broke through the deck : it knocked down 
several of the crew, leaving a sensation as if a solid 
piece of timber had fallen upon them. The com- 
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mander of the vessel (Capt^ Stuart) wiia sitting 
at dinner in the cabin with his two daughters when 
the accident occurred. The ball of Sre passed over 
tlie table, shivering in pieces the whole of the dishes 
and gloaaes, without injuring any one. The sky- 
lights were thrown up, the whole deck in the centre 
of the vessel raised off the beams, and the patent 
lights all thrown out. The electric fluid passed 
through the bottom of the vessel, in many places 
along the copper bolts, and tore off the copper 
sheathing* opposite to them and under water. 
The magnetic attraction of all the compasses was 
destroyed, and those who had watches found that 
they had stopped. The vessel was filled with 
smoke for some time after being atruok, and serious 
fears were entertained of her being on fire. By 
/ithing or strengthening the mast the cnptajn was 
able to take the vessel to Grreenock for repair. 

We may arrive at something like a measure of 
the force exerted by lightmng on badly or partially 

* There U generally some putty over the ends of the botti, and 
hetireen tham and the copper eheeta there is either paper or tarred 
Ml. It hM been sn^esled by the communicstOF of this C3M 
that the sudden elpmsion of these materials, or of Uie t^r betireea 
the ends o( tlie bolls and sheathing, ma; have produced the 
effeeta deKribed. 
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condaoting matter by an examination of tlie effects 
produced on the large masses of iron and timber 
which constitute the ma^ts of our lai^ ships. 

It may be of interest to observe that the lower 
must of a seventy-fonr gnn ship is 122 feet long, 
about 3 feet 4 inches in diameter ; it contains 1,000 
cubicfeet of timber, and with all its iron-work about 
it weigha at least 18 tons. The topmast is 70 feet 
6 inches long, 1 foot 10 inches in diameter ; con- 
tains 175 cubic feet of solid timber, generally Riga 
fir, and weighs about 3J tons. The top-gallant 
and royal masts together are 52 feet 6 inches long, 
and from 12 to 6 inches in diameter. They contain 
about 20 cubic feet of solid fir timber, and weigh 
about seven hundredweight. The total length of 
such a ship from the keel to the truck is about 220 
feet. 

On such a ship as this (the Sullan of 74 guns), 
a stroke of lightning fell on the 19th September, 
1812, at 4 o'clock p.m. when off the north coast 
of Sardinia, The effects were as follow : — Tbe 
highest spar or top-gallant and royal mast was 
fairly shaken in pieces ; the next or topmaet, 70 feet 
long, was burst into shreds like a bundle of laths, 
and stood gaping open in the upper end; it 
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reniEuiied in this conditioa for some minutes, and 
then fell with a terrific crash. So complete was the 
deatruction, that the decks of the ship were com- 
pletely filled with the chips of wreck of more than 
three tons of wood. The next, or lower mast, weigh- 
ing 1 8 tons, was struck through to the very centre ; 
and the lightning made one or two holes in it 
sufficiently large for a boy to creep into. The chips 
which were torn out helped to cover the deck. It 
was with difficulty prevented from falling until 
the ship got into port, when the mast in its ruined 
state was taken out. On removing the mouldings 
and fishes, it literally fell to pieces. 

H.M. ship Desir^e was struck by lightning in the 
autumn of 1803, at Fort Antonio, in Jamaica. 
Admiral Boss, who commanded the ship, states, 
that one part of the main-topmast was found on 
the following morning sticking in the mud on one 
side of the harbour, and another part in a timber- 
yard on the opposite side. 

In December 1838, H.M. ship .Sm^i^ was struck 
by lightning. The topgallant and royal mast, £3 feet 
long, weighing nearly 6 hundredweight, entirely 
disappeared from the ship, with the exception of 
tlie end of the royal mast. The sea was covered 
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with cliipa and splinters, and, to use the expression 
of the sailors, " The water alongside looked as if it 
had received all the refuse of a carpenter's shop." 

The iron hoops and other iron work on the main- 
mast weigh about a ton and a half. The iron hoops 
which are clasped or driven round the mast are five 
inches wide and half-an-inch thick ; there are about 
twenty-wx of these, which help to bind together 
the masses of timber forming the mast Out of 
these twenty-six immense iron hoops no leas than 
thirteen were broken asunder and came rattling 
down on the deck with a horrid clang. The ravages 
of the discharge could be traced through 53 feet. 
The lightning had also entered the very heart of 
the mast, which it charred, and at the point where 
the lightning escaped was a hole many inches deep. 

lu this case the sulors declare that they saw 
balls of fire moving about the deck, and that they 
ran after them to throw them overboard. This 
must have been a sort of progressive St. Elmo's 
fire, which frequently accompanies these discbai^es, 
as in the following case, where we have also 
another illustration of the remarkable expansive 
force developed by lightning. We quote the 
words of Capt. Fitzroy. 

,. ..Google 
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<' I was a lieutenant on board tlie Tketts when 
her foremast was shattered by lightning in Rio 
harbour, and shall not easily forget the sensation. 
Some of the officers were sitting in the gun-room 
one very dark evening, while the heavens were 
ftbsolutely black, and the air hot and close to an 
oppressive degree, but not a drop of rain falling^ 
when arattling crash shook the ship. Some thought 
several guns had been fired together ; others, tihat 
an explosion of powder had taken place ; but one 
said, ' The ship is struck by lightning I' and that 
was the case. The top-gallant-masts were not 
aloft; but the fore-top-maat was shivered into a 
jaexe collection of splinters ; the hoops on the fore- 
mast were burst, and the interior as well as out^ 
side of the mast irreparably injured. From thfe 
fore-mast the electric fluid seemed to have escaped 
by some conductor without doing further damage; 
yet it iilled the fore part of the ship with a sul- 
phurous smell, and the men who were there 
thought something full of gunpowder was blown 
up. No person received injury ; the fore-maat was 
taken out afterwards, and replaced by another, 
purchased from the Brazilian government at a 
great expense, and made by the carpenters of the 
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Thetis. I should say that the electric fluid shook 
rather than shattered the fore-top-maet, for it did 
not fall, but resembled a bundle of long splinters, 
almost like reeds. It twisted round the head of 
the foremast, instead of descending by the shortest 
line, went into the centre of the spar, and then 
out E^in to the hoops, every one of which above 
the deck was burst asunder. The Thetis was to 
have sailed in a few days, but was detained by 
this accident almost two months. She had no 
conductor in use. 

" Only two or three flashes of lightning were 
seen afterwards ; they were accompanied by loud 
peals of thunder, and then heavy rain poured 
down. Just before the rain began, St. Elmo's 
fire was seen at each yard-arm, and at the mast- 
head. Those who have not seen this light — 
always a &vourite with sailors, because they say 
it only appears when the worst part of the storm 
is over—roay excuse ray saying that it resembles 
the light of a small piece of phosphorus; not 
being so bright, or so small, as that of a glow- 
worm, nor yet so large as the flame of a small 
candle. I was curious enough to go out to a yard- 
arm, and put my hand on a luminous spot, but of 
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course could feel nothing, and when I moyed my 
hand the spot reappeared." 

VI. Magnetic Eiffkctt. — Wlien lightning explodes 
upon a ship which is not furnished with conductors 
capable of carrying it off, the magnetism of the 
compass needle is disturbed, or entirely destroyed, 
or the poles of the needle may be reversed. 
Lightning also renders masses of iron and steel 
strongly magnetic, which previously exhibited no 
traces of magnetism. In the case of the New 
York packet struck with lightning, already no- 
ticed, nearly all the iron on board was rendered 
magnetic, even to the steel parts of mathematical 
instruments and the springs of watches and chro- 
nometers. The magnetism of the four compasses 
on board was either greatly diminished or totally 
destroyed. The Orwell, on a voyage from New 
Orleans to Liverpool, in February 1838, was 
struck by lightning and set on fire. With the 
greatest difficulty, and by throwing much of the 
cargo overboard, the ship was saved ; but the 
storm continuing, the vessel was again struck by 
lightning the following day, and this second stroke 
shivered the main-mast, main-topmast, and main> 
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top gallant-maat. There were on board two 
exoellent chronometers, and these were so strongly 
magnetized as to be entirely useless. The steel- 
work in them would attract and carry email pieces 
of iron and steel. The compasses, on the coDtrary, 
entirely lost their magnetism, and would run 
round and stop at any point whatever. 

The action of lightning upon the compass needle 
was ascertained for the first time in a curious man- 
ner. About the year 1675, two English convoys 
were proceeding to Barbadoes, and being arrived at 
the Bermudas, lightning fell upon one of them, de- 
stroyed the mast, and tore the sails ; the other ship 
received no injury. The captain of the second ship 
having remarked that the injured ship had put about 
and appeared to be steering for England, inquired 
the cause of this sudden resolution, and was sur- 
prised to learn that his companion thought she 
was pursuing the previous track to the West 
Indies. A careful examination of the compass 
of the injured ship showed that the fleur-de-lis of 
the compass card, instead of pointing to the north, 
now pointed to the south, or, in other words, the 
polarity of the needle on board had been reversed, 
and remained so during the rest of the voyage. ~ 
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In mttay cases which have been recorded, the 
ship's compass, instead of having its poles reversed, 
has had its magnetism so much disturbed, that 
instead of pointing north it has pointed west, 
north-north-west, south-west, &c., thus leading 
the mariner astray, and often producing lamentable 
shipwrecks. So, also, by magnetizing the springs 
of the chronometer, its rate of going is interfered 
with, and thus, after a few days, serious errors in 
longitude may occur, and also prove a source of 
danger to the ship. When the New Ym-k packet 
arrived in Liverpool, it was found that the chro- 
nometer was 33' 85," or nearly thirty-four minutes 
in advance of the time which it would have 
marked if the ship had not been struck by 
lightning. 

It is important to observe that in ships fur- 
nished with good conductors, capable of carrying 
off the whole of the discbarge, the compasses have 
not been affected or damaged. 

VII. Action of lAgktning upon a mixed »yetem of 
good and bad Conduetors.—lhG reader will be pre- 
jured, from many of the details in previous pages, 
to conclude, that when lightning strikes a system 
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of good and bad conductors, it spares the former 
and expends its fury upon the latter. If good 
conductors, covered with non-conducting sub- 
stances, lie in the path of the lightning, it will 
force its way to them and occasion considerable 
damt^e. So also, if the hghtning traverse a me* 
tallic rod too small to transmit the whole of the 
charge, and a lai^er conductor he near, the light- 
ning will desert the small rod for the larger one, 
forcing ita way through intervening non-con- 
ductors. All these points have been abundantly 
illustrated by numerous well-authenticated cases, 
from which our space will allow us only to select 
a few. 

In the year 1764 a discbarge of lightning fell 
upon the tower of Newbury in the United States, 
completely destroying the upper part, which con- 
sisted of an immense pyramid of carpentry about 
seventy feet high. The lightning then encoun- 
tered a metallic wire which descended througti 
the tower to a point about twenty feet lower. It 
fused tliis wire in several places, but the carpentry 
surrounding it suffered no damage, although the 
flash had by no means expended its force, as was 
proved by its effects in descending lower. Arrived 
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at the lower extremity of this wire, the lightning 
again passed through the carpentry, which it 
damaged considerably, nor was ita force yet ex- 
pended, for on reaching the ground it tore up 
several of the foundation stones of the building, 
and scattered them to a considerable distance. 

The following curious case will further illustrate 
the property of lightning in searching out, as it 
were, for pieces of metal to facilitate its descent: — 

On the 7th June, 1789, some houses in Phila* 
delphia, struck with lightning, exhibited curious 
effects, which will be better understood by refer- 
ing to the accompanying section of two of the 
houses. 'The lightning seems to have been assisted 
in its descent by the smoke of the two kitchen 
chimneys, shown in the section, and to have 
divided upon entering them. The other chimneys, 
in which no fire was burning, escaped uninjured. 
The lightning forced out the brick-work on the 
north side of each down to the roof. It continued 
down that to the left until it came to the iron 
hook hanging on the crane, where a woman, who 
waa standing by the fire-side, says she saw it like 
a large ball of fire. From thence it passed either 
along the hook or the crane, or probably both, 
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and entered the hearth at A, close to the back 
wall, and making a cavity as large as a man's head. 




In the right-hand chimney there was but very 
little fire. The lightning descending it, did some 
injury to the roof at B, close to the brick-work, 
then entered the roof at C, and along the surface 
of the wall to D. Here it entered the chamber, 
tearing off a portion of the ceiling and plastering 
of the wall. At E hung a glazed picture with a 
.gilded frame, which was shivered to pieces, Tlie 
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lightning appears to have passed hoth ways along 
the gilding of the frame to the opposite corner; 
thence it parsed along the surface of the wall in a 
crooked line, about half an inch wide (as appeared 
by a decided mark of its track), to the upper part 
of the lower hinge of a closet door. From the 
bottom of this hinge it seems to have passed by 
the rivets through to the inside of the closet, and 
probably by a nail through the floor, brushing off 
the ceiling and lathing of the closet of the kitchen 
below. This closet door was broken to pieces, 
and thrown to a distance by the explosion. From 
this doBet it seems to have dispersed in every 
direction. No traces of it were found on the walls 
of the closet, but a number of pewter plates and 
dishes which were standing on the shelves exhi- 
bited signs of fusion where they touched each 
Other. Part of the lightning appears to have 
passed along the shelf over the fire-place, on which 
stood a coffee-pot and other kitchen furniture, 
which was knocked down but not injured. At F 
a lai^ hand-bellows were suspended by a string 
on a ntul, the back-board of which was split 
through apparently with great violence. Both 
the kitchens were filled with smoke, soot, and 
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Rfihes by the explosion, but ao- person waa hurt. 
The woman who saw the ball of fire at the 
upper end of the pot-hook, ie confident that it 
proceeded upwards. This opinion was probably 
founded on the explosion of the hncks and earth 
upwards at A. A young woman who was sitting 
on the right side of the closet door, within a foot 
of the shivered part, received no other injury than 
a slight mark on one foot, with a sense of numb- 
ness in both, which disappeared on the following 
day. From this stack of chimneys in the direction 
of the storm, that is, southward, there was no light- 
ning-rod, nor any more elevated building for a 
considerable distance, which might have inter- 
cepted the stroke; but immediately to the north 
and south-east, the adjoining buildings were much 
higher, and there was one pointed rod at no great 
distance.* 

On the 15th of March, 1773, lightning struck 
the house of Lord Tilney, at Naples. A large 
assembly, consisting of about five hundred per- 
sons, happened to be in the house at the time, yet 
no one was injured. De Saussure and Sir William 

" Rittenhouse, in the Traneactions of the American Philo- 
lophital Society, vol, iii. 

,,llc 
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HamiltOD, who were present, made a careful 
examinatioD of the house next day ; they fotind 
that aUnost all the gildings of the rooms, the cor- 
niceB of the ceilings, the rods supporting the 
drapery of the furniture, the gilding of chairs and 
sofas, the gilded frames of the doors, and the bell- 
cords, were fused, blackened, or scaled off. Aa 
usual, the greatest injury was produced in places 
where conducting matter was interrupted. " It 
is certain," observes M. Arago, " that lightning 
sufficiently powerful to fuse wire would kill a 
man ; and yet, in this case, lightning, sufficiently 
intense to produce death, traversed nine rooms 
containing five hundred persons, without injuring 
any one, its course being confined to a aeries of 
accidental conductors supplied by the walls and 
furniture." 

The following remarkable case shows that light- 
ning will desert a small conductor for a larger 
one, forcing its way through intervening non- 
conductors to get to it. In the house of Mr. 
Kaven in Carolina (United States) lightning 
struck a large rod of iron placed on the roof; it 
then passed along a portion of a brass wire which 
was carried down the outer surface of the wall, 
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and coDcected with a bar of metal sunk in the 
ground. In its descent the lightning fused all 
that part of the wire which extended from the 
roof to the first-floor without injuring the wall; 
but on getting down to the first-floor it took an- 
other course; here it deserted the wire, buret 
through the wall, in which it made a large hole, 
and entered the kitchen. The cause of this singu- 
lar deviation at right angles to its former course 
was evident when it was found that a gun, stand- 
ing on its stock, rested with its barrel agunst the 
kitchen wall exactly at the place where the light- 
ning forced its way through it. The lightning 
passed along the barrel of the gun without injuring 
it; the stock, however, was broken, and the hearth- 
stone near it was damaged. 

On the 18th of June, 1764, at three o'clock in 
the afternoon, lightning struck the steeple of St. 
Bride's church in Fleet-street, London, and did 
much damage. The spire of this steeple, where 
it rises above the belfry, is composed of four stories 
of different orders of architecture, besides the 
obelisk, which rises immediately over them. The 
stone piers of these stories are connected together 
and strengthened by horizontal iron bare. The 
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obelisk terminates in seven courses of stone, 
the five upper ones being connected together at 
top and bottom by iron collars soldered with lead. 
All iron bar, about twenty feet in length and two 
inches square, passes through these for about ten 
feet, and supports the ball and cross, and the 
vane of gilt copper. To diminish the quantity of 
stone in this structure, iron cramps are employed 
in several places, and these are covered with stone 
ornaments. Other iron bars are alec employed to 
support the tops of the windows ; forming alto- 
gether a series of metallic bodies separated by 
badly -conducting stone; and this was rendered 
even a worse conductor than usual by a consider- 
able period of very warm dry weather which pre- 
ceded the storm. 

When the lightning struck this steeple, the 
iron bar supporting the weather-cock conveyed 
the electricity safely down to its termination ;* 
but here, no longer meeting with a good metallic 
conductor, the lightning burst with explosive 
violence ; it shattered the stone upon which the 

■ The gilding on the cross where the lightning first •truck was 
blackened, and the salderlng along the hsr exhibited maAs of 
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iron rod rested into m&nj pieces, all of wIucIl 
were displaced, and some of them thrown from 
the steeple. The centre of the stone upon and 
near which the iron rod rested was beaten to 
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powder, and a hole made through the under part 
of the stone. Through this hole the lightning 
passed to some iron cramps, before noticed, and 
threw off large scales of stones at their ends. It 
then leaped over three courses of stones to a con- 
cealed chain, one foot above the base of the obelisk, 
and two feet above the first crosa bar. Here the 
stones were burst and shattered, and a considerable 
number of fr^menta thrown off. The lightning 
then broke through the roof above the composite 
story, tore out a large portion of the stone, struck 
, the iron bars which are 
placed immediately under 
and in contact with the 
stones, broke one of them 
directly acrcms, and bent the 
larger part of it from the 
horizontal direction to an 
angle of about 45°, as shown 
in the figure. At the end of 
one of the iron bars, it threw 
off the upper part of one of 
the composite pillars, just 
above its c^ltnl, and a large portion of the cornice 
projecting over it, with such force, that part of a 
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stone weighing seventy-two pounds was projected, 
not only the whole length of the body of the church, 
but beyond it acroBs St. Bride's-lane, where it fell 
upon the top of a house, broke 
through the roof, and lodged in 
the garret. The horizontal dis- 
tance from the steeple to the 
place where it fell, was at least 
150 feet; the height from which 
it fell somewhat more than 200 
feet. The shaft of the next pillar 
was also broken, and alargepor- 
tionof its diameter thrown down. 
The Ionic story suffered conside- 
rably, one of its pilasters being 
knocked off. The lower stories 
were not so much mjured. The 
damage done to the steeple was 
generally where the ends of the 
iron bars were inserted into the 
stone, or placed under it; and 
in some places, by its violent ac- 
lioD on the stone, its course could 
be traced in a series of leaps 
from one iron bar to another, 

,. .Google 
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In several places, the ornamental stones covering 
the iron cramps had been quite blown off and thrown 
away. A great number of stones, some of large 
size, were thrown from the steeple, three of which 
fell upon the roof of the church and greatly injured 
it : one large stone, brealung through the timbers 
of the roof, lodged in the gallery of the church. 

In the tower of the steeple, in the bell-loft, the 
lightning struck the south-west window above the 
bells, not far from an iron bar, and rent out several 
large stones, (some of which fell into the bell, 
which was very near this part of the steeple,) and 
passing below the bell, tore out at another place 
a great number more. One of the atones torn out 
above the bell was thrown to the north-east side 
of the tower. Between the two places in which the 
lightning had here exerted its fiiry, the wooden 
block which confined the axis of the frame of the 
great bell, and was fastened down with two iron 
staples, was thrown off, and the staples torn out. 

The amount of damage done to this beautiful 
fabric was so great, that it was found necessary to 
rebuild 85 feet of the spire. When the scaffold- 
ing for this purpose was erected, Dr, Watson 
carefully surveyed the damaged building, and 
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commimicated to the Royal Society the particu- 
lars of the accident. He obserres, that his inspec- 
tion " completely indicated the great danger of 
insulated masseB of metal to buildings from light- 
ning; and, on the contrary, evinced the utility 
and importance of masses of metal continued and 
properly conducted, in defending them from its 
direful effects. The iron and lead employed in 
this steeple, in order to strengthen and preserve it, 
did almost occasion its destruction ; though, after 
it was struck by the lightning, had it not been 
for these materials keeping the remaining parts 
tt^ther, a great part of the steeple must have 
fallen."* 

This sensible advice, although given more than 
^ghty years ago, has not even yet been generally 
acted on, or we should not have to lament every 
year the deplorable accidents to our churches froia 
lightning. The following engraving represents 
the appearance of St. Michael's Church, at Black 
Bock, near Cork, on the morning of the 30tb 
January, 1836, after a storm of the previous 
night. The spire was built with limestone, 
strengthened with iron cramps and bars, as in 
■ I*hUoaophical Traii«aolioiiB, vol. Ut. 
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the case of St. Bride's. It will be seen that the 
damage is in a etraight line on one side of the 



steeple ; " this was on the windward aide, which 
probably received the greatest quantity of rain, 
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and so rendered it the least resisting line, but not 
of su£Bcient conductibility to carry off the dis- 
charge without damage." 

The case of St. Martin's Church, London, struck 
by lightning on the 28th July, 1842, is also an 
instructive example of the nature of these dis- 
chai^es. The details of the accident have been 
collected and commented on by Sir W. Snow 
Harris, from whose account the following abridged 
notice of the course taken by the lightning is 
selected. The section of the tower given on the 
next page will assist the explanation. 

The first point struck was the point of the 
vane-spindle ; the discharge passed into the spire 
through the iron rod, without any damage to the 
blocks of stone immediately surrounding it, and 
without affecting the copper ball or the gilding of 
the vane. On leaving the vane-rod, the discharge 
passed into the masonry of the spire, where, in 
darting from one to another of the iron clamps, it 
so damaged the spire as to leave the whole in a 
tottering state. Two blocks of stone were thrown 
completely out of their places, and fell through 
the roof into the church, the joints of the spire 
were all loosened, and its general surface con- 
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torted. Two other stones were quite dislocated : 
if these had also been thrown out, the whole of 
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the upper portion of the epffe must have fallen. 
From the base of the spire the discharge passed 
with destructive violence on the frame-work of 
the flagstaff, the wood-work of which was shivered, 
and then seizing the lead floor of the cupola, it 
forced a passage to a metal cramp within the ma- 
sonry, where it tore up and fractured a large flat 
stone, and turned it completely over ; in this way 
it passed to the nearest points outside the tower 
leading to the north and west dials : upon these 
the discharge divided, and fell upon the gilded 
tetters xl and xn., the gold of which, on the west 
dial more especially, was burnt up and blackened. 
From these points it exploded upon the minute- 
hands, where it also blackened the gold, and 
damped the points of the hands. From this, it 
passed along the spindles of the north and west 
dials into the dial-room, without aflTecting the sur- 
rounding parts, and seizing the iron rod connecting 
the spindles with the clock, passed safely within 
its case of wood, and between the masses of metal 
in the beUs down to the works of the clock : the 
only traces left in this course were a little fusion 
of the brass screws and of the iron at the union of 
the joints. The discharge, on reaching the works 
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of the clock, melted a small copper wire by which 
the lever handle key was suspended on the iron 
frame : it now spread over the wheels and other 
works, magnetized the steel pivots, blackened the 
silver face of the regulator, and burst open the 
door of the outer wooden casing ; it did not, how- 
ever, stop the clock. The discharge, on leaving 
these conductors, forced a passage through the 
fioor of the clock-room, by the assistance of some 
metal cramps, into the ringing-chamber, leaving 
the floor as if blown up by gunpowder. Coming 
out just over one of the iron window-frames, it 
shattered all the glass in the window by the vio- 
lent concussion, and left marks of fusion on small 
streaks of lead in the joints of the stones. By this 
course, it reached the lead of the roof, which was 
slightly fused at the point on which the discharge 
first fell. After this it became dispersed upon the 
earth without turther damage by the large masses 
of metal and pipes connecting the roof with the 
ground. 

" It is impossible," says Sir W. Snow Harris, 
"to conceive a case giving a better insight into 
the nature of disruptive discharges through an 
accidental arrangement of good and impwfect con- 
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duciora. It will be seen, that all the daioage 
occurred in points where good conducting matter 
ceaaed to be continued, aa, for example, between 
the termination of the vane-rod and the clock- 
faccB, and ag^n between the works of the clock 
and the lead of the roof, whilst the couree of the 
discharge is so marked and definite, and eo inde- 
pendent of bodies not contributing to assist its 
progress, that it actually passed down a small 
iron rod within a few inches of the bells, without 
affecting in any waj these large metallic masses, 
or disturbing the wooden case by which the rod 
was surrounded. The discharge, in passing upon 
the dials, selected the north and west faces as 
affording the easiest line of transit : as the minute 
hands only could contribute to the conduction, 
b^ng at the time in a position to transmit it to 
the centre of the dial, these only were affected ; 
the hour hands, although continuous to the lower 
part of the dials, were evidently beyond the line 
of action : the course of the discharge, therefore, 
became diverted at right angles nearly from the 
line of the hands, in order to pass upon the line of 
metals within the tower. In thia, as in all other 
instances of dami^e. to buildings or ships by light- 
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ning, the course of the electrical diacharge is sudi- 
larlj determined through pomte which offer the 
least resistance to its progress, and the damage 
invariably occurs between detached toasses of 
metal." 

A recent and very striking instance of danu^e 
done to churches by lightning presents itself in 
the case of St. Gicoi^'s Church, Leioester, a modem 
and very beautiful edifice, first opened for divine 
service in February 1827. The architect of tMa 
building, William Parsons, Esq., has kindly fur- 
nished the writer witb full particulars of the dis- 
aster, and with drawings illustrative of the very 
serious damage done to the church. The storm 
which ushered in the catastrophe was more violent 
and eztenrave than is often experienced in this 
country. It occurred on the let of August, 1846. 
At two in the morning of that day it had visited 
the Channel Islands ; it then raged violently in 
the neighbourhood of London and throughout the 
south-eastern counties; and at five in the after- 
noon it reached Leicester, when it discharged itself 
in such sudden and copious torrents of nun, that 
the lower part of the town was soon flooded, and 
every available bucket, and even the fire-engines. 
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were put in requisition to clear out the water. 
The noise of the descending torrents for a time 
almost drowned the roar of the thunder. The Mr 
was at the same time rent and traversed by flashes 
and streaks of lightning, which eoon became nearly 
iacessant. " A great deal of the lightning," says 
one of the obeeryers, " was forked, but more came 
in that form which is commoulyi but erroneously, 
termed ' fire-balls.' Immense masses of flame 
descended to the earth, blinding every spectator 
for some seconds; and, aa these masses exploded 
with terrific force, there were few persons who did 
not hold their breath, and think of those expressive 
words of Job, * By the blast of God they perish, 
and by the breath of his nostrils they are con- 
sumed.' Business was entirely at a staud-etill, 
and no one jested at his neighbour's timidity, or 
boasted of his own fearlessness." 

The extraordinary duration of this storm was ae 
remarkable aa its violence ; for from five o'clock 
until nine in the evening there was scarcely any 
sign of its abatement, and up to midnight flashes 
of lightning continually illumined the distant range 
of forest hills. It was at five minntes past eight, 
after one or two peals of unusual distinctness, that 
,,llc 
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the church of St. George was struck, with a report 
resembling the dischai^e of caaaon, and with a 
oonoussion of the air which shook the neighbouring 
houses, and extinguished a. lamp burning at the 
entrance of the News-room, many hundred feet 
distant. The sexton had gone into the church, 
as usual, to toll the eight-o'clock bell ; but was so 
terrified by the " fire-balls " he saw in the sky, 
and by the fact, that once or twice the clapper 
struck the side of the bell without his agency, that 
he made his work as short ae possible, and had just 
gone out and locked the churchyard gate, when 
the stroke felL Two of the spectators of this 
awful event were Captain Jackson and the Kev. 
B. Burnaby, rector of the parish, who both 
described the flash as a vivid stream of light, fol- 
lowed by a red and globular mass of fire, and dart- 
ing obliquely from the north-west, with immeuae 
velocity, aghast the upper part of the spire. For 
the distance of forty feet on the eastern side, and 
nearly seventy on the west, the massive stone- 
work of the spire was instantly rent asunder and 
laid in ruins. Large blocks of stone were hurled 
in all directions, broken into email Ir^ments, and 
in some oases, as there ie every reason to believe 
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reduced to powder. One fragment of considerable 
size was hurled against the window of a honse 
three hundred feet distant, shattering to pieces 
the woodwork, as well as fourteen out of the six- 
teen panes of glass, and strewing the room within 
with fine duat and fragments of glass. It haa 
been computed that a hundred tons of stone were 
on this occasion blown to a distance of thirty feet 
in three seconds. In addition to the shivering of 
the spire, the pinnacles at the angles of the tower 
were all more or less damaged, the flying but- 
tresses cracked through and violently shaken, many 
of the open battlements at the base of the spire 
knocked away, the roof of the church completely 
riddled, the roofs of the side entrances destroyed, 
and the stone staircases of the gallery shattered. 
The top of the spire, when left without support 
beneath, fell perpendicularly downwards, inside the 
steeple, causing much devastation in its descent. 
Falling through the uppermost story, and carrying 
along with it the bell and its solid supports, the 
ruined spire entered the room containing the clock, 
dashed the works to pieces, and, penetrating the 
strong and well-supported floor, descended with 
additional momentum through the third and fourth 
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floors (the latter being that just deserted hy the 
prudent seztou) and reached the paved vestibule 
with so fmious a shock as to drive in a portion of 
the strong foundatioa-arch, by which the weight 
of the whole tower was supported. On looking 
upward from the scene of ruin in this vestibule 
the tower appeared like a well, bo small were the 
vestiges of its various stories. 

After minute examination, it was evident that 
the course of the lightning had been nearly as 
follows. The flash first struck the ^ded vane, 
marks of lightning being perceptible between its 
bevelled edges. After traversing the vane and 
spindle, and the terminating iron supports, the only 
path left for the fluid was through a series of iron 
cramps, separated by masses of sandstone ; and 
here it was that the explosion commenced — the 
stone being torn and hurled aside as it came in the 
path of the lightning to the lowest lead-lights of 
the spire. Most of these iron cramps were found 
to be powerfully magnetic ; Mid one of them, eight 
wedcs afterwards, sustained a very eonsiderable 
brush of steel filings at its edges. The lattices of 
the lights on three sides of the spire were little 
injured ; but on the fourth side, the stone-work 
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was shattered, and the lattice singularly twieted, 
and partially fused. Here it appears another 
violent explosion took place, and the lightning 
diverging etnick the north-west pinnacle, attracted 
apparently by the copper holt by which the stones 
were held together. It also struck the large cast- 
iron pipe on the other side the spire, reaching 
from the tower-battlements to the roof of the 
church ; and during its passage down the pipe, and 
at an inequality in the surface of the metal, it 
displayed the most extraordinEtfy expansive force, 
bursting open and scattering to a distance portions 
of metal of great solidity and weight. From the 
lead-work of the roof the lightning was conducted 
to the leaden gutters, and so finally to the earth. 

The course of the remaining current in the 
interior of the tower was first to be traced on the 
lattices of the belfry, then in the clock-ro<»n, 
where the works of the dock were strongly mag- 
netized, thence in at least three different directions 
to the outside of ihe tower. The external faces 
of the clock were not much altered, the hands 
were, however, slightly discoloured, and the 
blackened surfaces of the dials covered with 
streaks, as if smeared with a painter's brush. On 
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quitting the dial faces on the northem and 
aouthetn sides of the tower, the lightning evidently 
fell upon the leads of the side lobbies, and was 
finally carried off by the two iron pipes connecting 
their roofs with the earth. Both these pipes were 
chipped and injured, and one of them was per- 
forated, as if with a musket-shot, a few inches from 
the ground. The edges of this fracture were 
found to possess magnetic power. Thus, beaidea 
the diviMon of the current at the upper part of 
the spire, there was a second division in at least 
three directions from the clock-room and dial 
faces. The roof of the church throughout its 
whole extent showed signs of an extraordinary 
diHusion of the electric current; and in almost 
every place where one piece of metal over-lapped 
another, a powerful explosion bad evidently taken 
place. The appearance of the chnrch after this 
disastrous accident is given in the engraving at 
page 178. 

^ould a fuller and more particular account of 
this visitation be required, our readers will find it 
in Mr, Hollings's "Lecture on Lightning Con- 
ductors," delivered at Leicester soon after the 
event, and now published at the request of hia 
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audience. Appended to this lectiire is a remark- 
able and very recent case of another church 
atruck by lightning during Divine Service. On 
the 29th of August, 1847, while the congregation 
were engaged in singing the hymn before the 
Bermon in the patieh church of Welton, Lincoln- 
shire, and the Rev. Mr. Williamson had just 
ascended the pulpit, the lightning was seen to 
enter the church from the helfry, and instantly an 
explosion occurred in the centre of the edifice. 
All that could move macle for the door, and Mr. 
Williamson descended from the pulpit^ endeavour- 
ing to allay the fears of the people. But attention 
was now called to the fact liiat several of the con- 
gr^ation were lying in different parts of the 
church, apparently dead, some of whom had their 
clothing on fire. Five women were found injured, 
and having their faces blackened and burnt; and a 
boy had his clothes almost entirely consumed. A 
respected old parishioner, Mr. J. Brownlow, aged 
rixty-eight, was discovered Ipng at the bottom of 
hispew,immediatfilybeaeath one of the chandeliers, 
qwte dead. There were no marks on the body; 
but the buttons of his waistcoat were melted, the 
right leg of tus trousers torn down, and his coat 
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literally burnt off. His wife in the same pew 
received no injury. Immediately beneath the body 
of Mr. Brownlow were found thirty or forty small 
holes in the floor of the pow. The church was for a 
long time filled with sulphurous smoke, as if it 
waa on fire ; but this fortunately was not the case. 
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CHAPTER VL 




In examiniDg the numerous accidents from light- 
ning which have occurred during a long eeries 
of years, it appears that the number of persons 
killed has been comparatively small; while the 
damage to buildings, ships, trees, and various de- 
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In examining the numerous accidents from light- 
ning which have occurred during a long series 
of years, it appears that the number of persons 
killed has been comparatively small; while the 
damage to buildings, ships, trees, and various de- 
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BcriptionB of property has, on the contrary, been 
enormous. 

Fuller, in his Churcb History of Britain,* says 
that " there was scarce a great abbey in England, 
which (once at the least) was not burnt down with 
lightning from heaven. 1. The Monastery of 
Canterbury, burnt anno 1 145, and afterward again 
burnt anno 1174. 2. The Abbey of Croyland, 
twice burnt, 3. The Abbey of Peterborow, 
twice set on fire. 4. The Abbey of S. Marye's 
in Yorke burnt. 5, The Abbey of Norwich burnt. 
6. The Abbey of S. Edmondabury burnt and 
destroyed. 7. The Abbey of Worcester burnt 
8. The Abbey of Gloucester. 9. The Abbey of 
Chichester burnt. 10. The Abbey of Glaston- 
bury burnt. U. The Abbey of S. Mary in 
Southwarke burnt. 12. The church of the 
Abbey of Beverley burnt. 13. The steeple of the 
Abbey of Evesham burnt." 

On examination, the records of our own time 
will probably excite surprise at the enormous 
amount of damage which our churches have sus- 
tained from lightning within a very few years. 

* Fo. 1866, page 800. 

,. .Google 
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The following list, by no means a perfect one, 
will serve to convey some idea of this damage. 



RonmCiithea™! {*'™1 

(Bhaogh Church, near Ply- \ j''" 



.. Cliatlei Chuieb, Plymaa' 

(Tonington Church, Nor 
" [ DBTon 



,} Kine-bridg. Church, D.™,. {^*'^^'"' 
(AlpMngton Church, neafl Towerienl 

" \ KlDgghlidgE, D«iaii t ilamBgei 

.. BUck Boct, n«i Cork Spire iemo 



.. SpiUlfieJdg, Londcn Spin renl. and other dBnuge. 

- Streatham I^P'" "="'!' S"'"!"! """^ 

... 8"!. Michael'i, Liyerpool {^ gnd'^iii'fnjurrd.'""*"^' 
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1841. A«g.«... Bt.M«ti„'..Uv«p»l {«Cn^'."*^' "" ""'" 

IBM. AprU!4.,. {^^SSia *?"""!!'.. ".?^1 Domo^ndbnildinginiiclimil. 

,.,„.... «,M»i,'., I-.... (•■5^:'g;S: "" "' 

8«. Ajirll 25— EitonClurcli, Rutlandiliir* | on flre, und netrly d»- 

M>7 M ... at, Muk'a, Hull Slightly ilim>g<d. 

Oct {"SS^.'lJi™™.."?!'.:) 8t«plB.hUte™l. 

1844. Uuch {'^Sf.S'!!^.'.."!^™:} Bpl»i™»«^ 

Spling ... ai. ClaDwnt'i, London Clock injund, 

Juljr Mugaslm Tower, O.fonl... {^-t^i^^l"^^'"^ 

A writer in Nicholson's " Journal of Science" 
states tliat he has made a calculation of the average 
annual amount of damage done by lightning in 
England alone, and that it cannot be far short of 
50,000/. 

Some of the moat disastroas accidents from light- 
ning have proceeded from the explosions of maga- 
zinea of gunpowder. On the 18th of August, 
1769, the tower of St. Nazaire at Brescia was 
struck by lightning. Below this tower were vaults 
ooQtaining 207,600 pounds of gunpowder belonging 
to the republic of Venice. This enormous qnan- 
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tity of gunpowder exploded, destroying a Bixtli 
part of the beautiful city of Brescia, and greatly 
injuring the remaining parts. Three thousand 
persona perished. The tower of St. NazMre was 
thrown up whole into the air, and fell in a shower 
of stones. Portions of the ruins were found at 
enormous distances. A similar accident occurred 
to a magazine at Malaga, on the 18th of August, 
1780 ; and at Tangiers, on the 4th of May, 1785. 
At Luxembourg, on the 26th of June, 1807, a 
magazine of gunpowder, built in former times by 
the Spaniards on a solid rock, was struck by 
lightning, and blown up ; more than 28,000 pounds, 
or about twelve tons of gunpowder, were fired, by 
which the lower part of the town was laid in ruins. 
During the night of the 28th November, 1829, 
lightning fell upon the citadel of Navariao, and 
Betting fire to the powder-magazine, blew it up, de- 
stroying the whole building. One hundred French 
artillery-men iost their lives by ihe accident. 
On the 22d April, 1843, lightning fell upon the 
castle of FoKzalon, in the province of Nolo, and 
descending into the magazine, blew it up. On the 
the 23d April, 1843, a similar accident occurred 
to a powder-magazine at Guncon, in Spain. 

,>8lc 
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Let US now gUnce at the damage done to 
shipplDg by this degtructive element. 

"In the British Navy the effects of lightning 
have been most disastrous. Since the commence- 
ment of the war in 1793,more than twohundred and 
fifty ships are known to have suffered in thunder- 
Htonns. It is not possible to state with any de- 
gree of precision the total amount of damage 
done, as all the instances in which ships have suf- 
fered cannot be well ascertained; some idea, 
however, may be formed of it, from the following 
facts, derived from the official journals of Her 
Majesty's ships, deposited at the Admiralty, In 
one hundred and fifty cases, the majority of which, 
occurred between the years 1799 and 1815, nearly 
one hundred lower maata of line-of-battle ships 
and frigates, with a corresponding number of top- 
masts and smaller spars, tcgether with vuious 
stores, were wholly or partially destroyed. One 
ship in eight was set on fire in some part of the 
rigging or sails ; upwards of seventy seamen were 
killed, and one hundred and thirty-three wounded, 
exclusive of nineteen cases in which the number 
of wounded is returned as 'many' or 'several.' 
In on&-tenth of these cases the ships were com- 
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pletely disabled, and they were compelled in many 
instances to leave their etations, and that, too, at 
a critical period of our history. The expenditure, 
inthese few cases, in the mere material, could not 
have been far abort of 100,000/. sterling. So that 
if the whole amount of the loss to the public, 
in men, in money, and in services of ships, could 
be ascertained, it would necessarily prove to be 
enormous; more especially when we take into 
accouDt the expense of the detention and refit of 
the damaged vessels, the average cost of a single 
line-of-battle ship to the country being lOOL per 
diem, and upwards. Now between the yeaxs 1809 
and 1815, that is to say, withia the short period of 
six years, full thirty sail of the line, aod fifteen 
frigates, were more or less dieabled." 

Even in time of peace, when the Navy bag been 
greatly reduced, many fatal accidents to our ships 
have occurred. On the Mediterranean station 
alone, between the years 1838 and 1840, eight 
ships were struck by lightning, several of them 
severely damaged, and one of them set on fire. 
In other parts of the world, similar accidents have 
been numerous, and it is also highly probable 
that many a ship which has been reported as 
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"nuBBing," has been destroyed in thunder-storms, 
without any of the crew having been spared to 
record its fate. 

The East India Company's ships have been 
subject to numerous disasters, especially within 
the tropics, where thunder-storms are of more 
frequent occurrence, and, if possible, more terrible 
in their action than witlun the temperate zones. 
Onr mercantile marine, engaged in active com- 
merce in every quarter of the world, is peculiarly 
exposed to danger from lightning. Indeed, it is 
scarcely possible to estimate the amount of damE^ 
fr^m lightning to this class of ships ; but such a 
case as the following will show how sudden and 
complete may be the destruction of a ship, with an 
inflammable cargo oa board. In May 1820, a 
fine Teasel, the Tanjore, commanded by Captain 
Dacre, aiuled from London with goods and passen- 
gers for Ceylon and Calcutta. The voyage was 
rapid and favourable in every respect, and the 
vessel seemed perfect in all its arrangements, with 
only one exception : there were no lightning con- 
ductors. Judge Ottley and several missionaries 
were passengers in this vessel; and on their arrival 
at Ceylon, they were landed on that island, and 
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the ship stood off at about forty miles distant from 
the shore. At eight in the evening, after they 
had left the ship, the horizon became suddenly 
dark and lowering, and a severe squall of wind 
ushered in a most terrific storm. Two men were 
on the top-gallant forecastle, when an awful flash 
darted upon them, and destroyed them in an 
instant — literally tearing open their bodies. Many 
other persons were struck down and rendered 
insensible, and all on board were severely electrified. 
Part of the cargo consisted of brMidy, and this 
igniting, burnt up with such fury that every part 
of the vessel was quickly in flames. There was 
not even time to clear and hoist out the long-boat: 
the yawl and a small quarter boat were all the 
means of escape, and the crew and remaining pas- 
sengers (forty-eight in all) hurried into these with 
the greatest precipitancy. They could not procure 
the smallest article of food nor a drop of water; a 
binnacle compass, a box of the ship's papers, and 
a box of dollars, were all they saved. They bad 
only three oars for the two boats, and it was with 
the utmost difficulty they kept clear of the burning 
ship, whose appearance was awfully grand. She 
went down at four o'clock the next morning, aad at 
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ten the boats' crews met with a native veeBel, whicli 
took them to TrincomaJee. 

But the fire thus commaaicated to a ship by 
lightning does not always act with sach terrible 
speed; it may lie hid for houra, and even days, 
and then bnrst forth with irresistible fury. Light- 
ning has been known to prodace a »eeret bwming 
in the heart of masses of timber and other bodies, 
as, for example, the Dictator, a sixty-four gun-sbip, 
was struck at Martinique, in 1794, and damaged. 
Two days after, smoke was seen issuing from the 
£gnre-head ; when this was cut down a nest of fire 
was discovered within it. In 1799, the PriTicipe 
Real, a Portuguese seventy-four, was struck off 
Malta, and went into harbour. After lying at 
anchor some hours, the whole of the mast burst 
into a fliune. 

That a ship may be sunk in consequence of the 
damage produced by lightning is evident from 
such cases as the following. H. M, frigate, Squirrelf 
while off Cape Coast on the 23d February, 1805, 
was struck by lightning. The mainmast was 
damaged and rendered useless; the top-mast and 
top-gallaot-mast were shivered; a plank in the 
fflde stove in ; all the caulking loosened from the 
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fore to the main chaine, so that the ship made 
eight inches of water in an hour. The barque JtAn 
and James, while off Malta, 2d of Pebruary, 1839, 
was strack hj lightning j the maetB were knooked 
to pieces, and great damage done below. The dis- 
charge passed out through the ship's side, just 
below the water-line, starting seven planks, three 
above and four below the water, so that the sea 
rushed into the ship with rapidity. Ballast and 
vreightB were placed on the opposite side, so as to 
raise the leak out of the water ; and in this way she 
was with difficulty got to Malta without sink* 
ing. The French corvette, Coquin, while at 
anchor in the Bay of Naples, on ChriBtmas-day, 
1820, was struck by lightning, which passed com- 
pletely through the bottom, below the water's 
edge. The boats of an English squadron assisted in 
running the ship on shore in the mole to prevent 
her from sinking. If these accidents had happened 
out at sea, and by night in a gale of wind, the 
ships might now be on the " missing " list, and no 
one probably would hare known their fete. 

In considering, therefore, the amount of damage 
from lightning, whether in our possessions at home, 
our colonies abroad, our Navy and our merchant 
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ships, it is not too much to state that the BritiBh 
nation is liable to damage from most of the thuader- 
storms that visit the earth's surface. It certainly 
does, then, appear to be a matter of first-rate 
importance to adopt such a system of lightning 
conductors as the experience of years has found to 
be efficacious, — such a system of protection to our 
buildings and our ships as may meet all possible 
conditions of the electrical discharge ; and as the 
Bubject is one in' which everybody is interested,* 
either as regards the protection of his person or 
his property, or the property of the nation, it is 
natural to suppose that authentic information con- 
nected with the subject will be read with interest. 
The necessity of adopting some means of pro- 
tection t^^nst lightning was felt at a very early 
period ; but while electrical science was either 
unknown, or very imperfectly understood, the 
means of protection were of little or no avail. 
The Thraciana, according to Herodotus, were in 
the habit of shooting their arrows in the direction 
of a thunder-cloud. These arrows, being pointed 
metallic bodies, might have deprived the cloud of 
a small portion of its electric matter. The Etrus- 
cans, according to Pliny, had a secret method by 
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which they could draw lightning from the clouds 
and guide it at their pleasure. Numa is said to 
have known the method; and TuHub Hoetilius, 
committing some oversight in the performance of 
the ceremony, was himself struck. " For Numa 
snbetitute Franklin, and for Tullus, Ricbmann, 
and the Boiuan legend is converted into a true 
historical record of the last century."* 

The ancients believed that lightning never struck 
deeper into the earth than five feet. Hence, 
caverns were favourite places of resort during 
thunder-etorms. According to Suetonius, Au- 
gustus always sought refuge in some cave or 
vaulted place during a storm. We have already 
seen, in the formation of vitreous tubes, that light- 
ning descends to a much greater depth ; but it is 
certain that at fer greater depths than these tubes 
have been traced to, a person is not always secure, 
because lightning has been known to descend a 
deep mine. For example, on the 19th October, 
1843, three men were struck by lightning at the 
bottom of the shaft of Purkenowerth mine, at the 
depth of 660 feet below the surface. The 

* Cabinst Cjcloptedia. Electricity: Vol. U. 

f.oosle 
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lightning is supposed to have passed down a chfun 
in the ahatt. 

According to Ksempfer, the emperors of Japan 
sought refuge during storms in a grotto cont^ning 
a reservoir of water ; the water being intended to 
extinguish the fire of lightning. It certainly 
might act as a conductor, but not as a safeguard, 
for fiah have been destroyed by lightning through- 
out a wide extent of their liquid habitatJon. It is 
stated by Valvasor, in the " Philosophical Trans- 
actions," that lightning in the year 1670 having 
fallen on the lakeof Zirknitz, aucha quantity of fish 
almost immediately floated upon the sur&ce that 
the neighbouring inhabitants collected twenty- 
eight waggon-loads for manure. AgEun, on the 
24th September, 1772, lightning descended at 
Besan9on, and immediately the surface of the 
water was covered with stunned fish, which were 
floated along by the stream. 

It was long a favourite opinion that persons in 
bed had notliing to fear from lightning. Facts 
are generally, but not universally, in favour of 
this conclusion. On the 3d July, 1828, a cot- 
tage at Birdham, near Chichester, was struck 
by lightning. It destroyed with a crash the 
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wooden part of a bed, threw the bed-clothes 
on the ground, t<^ether with the mattrass and 
the person deeping on it, without doing him 
oDj injoiy. Again, on the 9th of the eame 
month, at Great Houghton, near Doncaster, light- 
ning removed the coverlid of a bed, and did no 
injury to Its occupant. In the aixty-third\olume 
of the "Philosophical Transactions," the Rev. 
Samuel Kirkshaw states that on the 29th Sep- 
tember, 1772, at Harrowgate, a fiash of lightning 
killed Mr. Thomas Hearthlej while asleep in his 
bed, without even waking his wife, who was by his 
side. She complained of pain in her light arm, 
which, however, only lasted a few hours. 

The Romans believed that seal's skin was a 
preservative against lightning ; tents made of this 
material were constructed for timid persons during 
a storm. Augustus always wore one of these 
skins. In the Avenues, the shepherds at the 
present day wear in their hats the skins of snakes, 
which they believe to be a preservative against 
lightning. However fanciful these notions may 
be, yet some electricians have thought it probable 
that the kind of material in wbi^ a person is 
clothed may influence the course of the electrical 
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(Hechai^e. M. Arago mentions a caae in wUch a 
church was struck with lighteuig during the cele- 
bration of mass ; of the three officiating priests, 
two were struck dead, and the third, who alone 
wore silk vestmentB, escaped unhurt. Cases of 
this kind, howeyer, do not warrant any confidence 
in the protecting power of silk and other non-con- 
ducting articles of dress ; for the conducting power 
of the human body ia not diminished by the nature 
of the dress which covers it. 

Colour seems, also, to have some influence on 
the course of the discharge. M. Arago cites three 
oases, in which horses and oxen having white 
spots were struck by lightning, and had all the 
white hair burnt oflF, while the remainder of the 
hide was uninjured. It has been supposed that 
certidn trees are never struck by lightning. 
Suetonius relates, that when a thunder-storm 
threatened, Tiberius never failed to wear a crown 
of laurel leaves, under the idea that lightning 
never touched the leaves of this tree.* The 

* Wa find thia uipentitioit repestod in Albeiti'B iroA on 
architeclnre {De Be MdifixatariS, Florenoe 118S ; trutlatod b; 
Leoni, London 1726) : " There ue Bome thingi in uatura which 
•ra eBdu«d with propertiM by no meuis to be nc^lecUd ; p»p. 
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o[»Qioa that certain trees are never struck by 
lightning is sttll common. In 1787, Mr. Hugh 
Maxwell stated to the Ametican Academy, that 
according to the information he had collected, he 
thought himself warranted in affirming that light- 
ning ofiten struck the elm, the chestnut, the oak 
and pine, and sometimes the aeh; but that it 
never fell upon the beech, the birch, or the maple. 
Capt^n Dibden states that in the forests of Vir- 
ginia, the pines, though considerably higher than 
the oaks, were not so frequently struck ; and he 
adds, " I do not remember in those localities where 
the oak and the pine grew together to have seen 
the latter scathed by lightning." Other obseners, 
however, have witnessed the destruction by light- 
ning of all these supposed favoured trees. The 
laurel has been destroyed by that meteor, and 
M. H^cart states that an aged beech in the 
middle of the forest of Villers-Cottereta, wae 
struck with lightning, and nearly demolished in 
July 1835. From the non-conducting property 

tdcuUrly that the Isnrd-tree, the eagle, nad the sea-cftlf, aw never 
touched by lightning. There are some, therefore, vho snppoee 
that if these are incloeed in the vail the lightning will never hart 
it." — Lib. Hi. 
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of Tesinoas bodies, it might be supposed that the 
pine and other resinona trees would be safe from 
lightning. Mr. Maxwell, however, places the pine 
among trees which are most frequently struck. 
In the case of the Figgard frigate, struck by 
lightning (represented in the trontispiece, and de- 
scribed at page 244), the pine-treea on shore were 
set on fire by the electric fluid. 

During a thunder-storm, persons have been ad- 
vised to keep in a free and open country, and to 
avoid trees. Dr. Winthorpe advises persons sur- 
prised by a storm in the country, to keep at the 
distance of from sixteen to forty feet from some 
tall tree. A station still more favourable would 
be found in a spot at the distance just named 
from two or more neighbouring trees. Henley 
advises, when there is only a single tree, to stand 
from sixteeu to twenty feet beyond a perpen- 
dicular line let fall from the extremity of its 
longest branches, 

Gla^ being a non-conductor, it was supposed 
that lightning never touched that substance ; 
hence it was at one time customary to place thick 
balls of glass on the projecting points of buildings, 
shipSj and lighthouses. The vane-rod of Christ 
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Church, at Doncastei', was thus furnished with a 
glass ball ; but, in November 1836, the spire of 
this church was struck by lightning, and so greatly 
damaged that the repura coet about 1,000/. ster- 
ling. It has also been supposed that a chamber 
constructed wholly of glass would be a perfectly 
secure refuge. Heace chambers or caeca of glass 
have actually been made for the use of those per- 
sons who are apt to be overcome with terror 
during a thunder-storm. The following Cases 
show how useless is this precaution: — The great 
thunder-storm which injured the palace of Mi- 
nuz^, in the territory of Ceneda, in Lombardy, 
on the 15th June, 1776, pierced or broke more 
than 800 panes of glass. Again, in September 
1780, when Mr. James Adair was prostrated by a 
violent stroke of lightning, which killed two of his 
servants, in his house at Eastbourne, he was stand- 
ing behind a glass window. The window-frame 
was not at all injured, but the lightning reduced 
all the glass to powder. 

It may be supposed that the rupture of the 
glass on such occasions is caused by the violent 
concussion of the air. Such, however, is not the 
case. Some years ago a gentleman at Poole was 
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wiitiDg at a desk before a window, when a dash of 
lightning passed before ' him, accompanied, at the 
same moment, by aloud clap of thunder ; the light- 
ning cut out from one of the panes a perfectly circu- 
lar disc of glass, which fell upon the paper on which 
the observer was writing. No other damage was 
done, and the glass pane was not even cracked.* 
Other cases of the same kind are on record. 
On the nth September, 1772, the lightning, 
which fell on a house at Padna, pierced a pane 
in A window on the ground floor with a clean 
round hole, such eg a gimlet would make in 
wood. Again, Caseli observed apon the glass of 
his windows, immediately after a flaah of light- 
ning, in 1778, a number of small round holes, 
with scarcely any cracks or breaks near them. 
In September, 1824, a thunder-bolt having &Uen 
on the house of Mr. Brenmer, at Milton Comage, 
one of the panes of the window was found pierced 
by a circular hole of the size of a musket-ball ; id 
the other parts of the pane there was not a Bingle 
crack or fissure. A perfectly circular hole of this 
sort, without figures, cannot be the cosserinence of 

* Connnnnlcfited ia tins writer by Tbomaa ^11, Il«q., T.US. 
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noise and detonation, bat is rather a proof of the 
extreme velocity of lightniDg ; at any ratCi these 
facta will undeceive those persons who imagine 
glass panes to be a complete eufeguard against 
lightning. 

When lightning stnlces individuals, it more par- 
ticularly attacks any metal they may have about 
their persons ; so that it may reasonably be con- 
cluded that any metal worn about the person 
increases the danger of being struck. For ex- 
ample, on the 21st July, 1819, lightning fell 
upon the prison of Biberach, in Suabia, and there 
struck, in the common apartment, in the midst of 
twenty prisoners, ow« condemned captain of bri- 
gands, who was chained round the w^at. Even 
those trifling metallic articles whi^ form part of 
our ordinary dress are often affected by lightning 
in a singular manner. Saussure and his com- 
panions being in the Breven in the year 1767, 
during a thunder-storm, whenever any of the party 
raised his arm and extended his finger, he felt a 
pricking sensation at its point. One of the party 
who had a gold band round his cap, heard also an 
alarming buz^ng noise round his head. " We 
drew sparks of light from the gulden button of thq 
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band, as also from a metallic ring which eurrounded 
slai^Btick we carried with us." "Confer the most 
trifling additional intensity on the storm," remarks 
Arago, " and the small gold band and its metallic 
button, under such circumstances, will become 
causes of explosion, and the wearer would have 
been injured by lightning rather than his com- 
panions, whose hftts .were free from golden bands 
and metallic buttons." The following fact, men- 
tioned by Constantini in the year 1749, may be 
token as an illustration: — Duringa thunder-storm 
a lady raised her arm to shut a window, — the light- 
iung flashed, and her golden bracelet so completely 
disappeared that no vesl^ge of it could subse- 
quently be found: otherwise the lady only re- 
ceived the slightest possible injuries. A somewhat 
similar case is reported in Professor Jameson's 
"Edinburgh New PhilosophicttlJoumal''for 1844. 
During a violent thunder-storm, ft fishing-boat 
belon^png to Midyell, in the Shetland Islands, 
was struck by lightning. The electric fluid came 
down the mast, which It tore into shivers, and 
melted a watch in the pocket of a man who was 
utting close to the side of the mast, without 
injuring him. Not only was the man altt^^her 
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unhurt, but hUclothes also were uninjured; and he 
vraa not aware of what had taken place until, on 
taking out his watch, he found it was fused into 
one mass. The traveller Brydone relates a circum- 
stance which happened to a lady of his acqu^nt- 
ance who was regarding a. thunder-storm from her 
window. It lightened, and her bonnet, and her 
bonnet only, was reduced to ashes. According to 
Brydone, the lightning ha,J been attracted by the 
metallic wire which miuatained the shape of her 
bonnet and supported it« softer matenals. Hence 
he proposes that these wires should be abandoned, 
and protests against the prev^ling tashion of mun- 
taining the tresses and ornamenting the hair with 
gold and ^ver pins. And in the very natural 
apprehen^on that this caution would be disre- 
garded, he ofiers this somewhat ridiculous adyice : 
— " That every lady should wear a small chain or 
thread of brass wire, which she should hang, dur- 
ing the time of a thunder-storm, to the wires of 
her bonnet, by which the fulminating matter 
might pass to the earth, instead of traversing the 
head and other members." 

It will naturally be concluded, from these ex- 
amples, that it is better, during a thunder-storm, 
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to have no metal about the person. But, it may- 
be aeked, ia it of the ellghtest coti8ec|uence to 
regard the iacreaee of danger which a watch, or 
buckles, or the money in your purse, or wluch the 
wires and chains and pins used in a lady's toilette 
produce? To this question, says Ar^o, no general 
answer can be ^ven, for every one will regard it 
through his own preposseBslons, and will, more or 
less, be detennined by the apprehensions with 
which a thunder-storm inspires him. 

It appears from various observationa, that when 
lightning falls upon man or animals placed near 
each other, whether in a straight line, or an unin- 
olosed curve, it is generally at the two extremities 
of the line that its effects are moat intense and 
hurtful. On the 2d August, 1785, the lightmng 
descended upon a stable at Bambouillet, where 
there were thirty-two horses ranged in a line, side 
by side; thirty were overturned by the stroke; 
only one, however, was instantly struck dead, and 
this one occupied one of the extremities of the 
line ; another, which was very severely wounded, 
and subsequently died, was at the other extremity. 
Again, on the 22d Angust, 1808, lightning struck 
a boose in the Tillage of Knonau, in Switawland. 

C-.oogle 
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Five children were sitting upon a bench in a room 
on the gronnd floor; of thcae, the first and last were 
killed on the spot, whilst the others experienced 
only a violent ehock. In the year 1801 light* 
ning fell on a windmill at Praville, near Chartres, 
set it on fire, and consumed it. At the moment 
the miller was walking between a horse and a 
mule which wei'e both laden with com ; the two 
animala, struck at the same instant, were killed on 
the spot; the miller escaped with being fearfully 
stunned, with having some ringlets of his hair 
burnt, and with the loss of his hat.* 

In expl^ning the above facts Arago instances 
the case of a bar of metal struck by lightning, 
which is apparently not much dami^ed except at 
the spots where it made its entrance and its exit. 

* II ftppean bvm the last &ot, aai from sevemi other* qnoted 
bf Ango, that men more powerfnllj resUt the effects of light- 
ning than horees and dogs. On the 12th April, ITSl, near Css- 
ttes, three gentlemen on horseback irere atnick b; lightoing ; the 
hocHes were killed, bat only one of tJie ridera became ita victim. 
In Jane, 1 B2e, a flash of lightning killed a mare near Worcester, 
vhilat the bo; who was leading it experienced no aerioas injury. 
Id Jane, ISIO, when M. Cowen'a dog was sitting by his side, 
lightning entered the apartment and killed the dog on the apol, 
Thitit M. Cowen himaeU waa scarcely cooBcioiu of any ahock. 
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It may readily be supposed that it is the same also 
with bodies of a different nature ; but how this 
rule caa extend to instances in which there are 
considerable interruptione of continuity, does not 
so readily appear. How it happens that thirty 
horses, placed ob horses usnally arc in a stable, 
should be considered, as far aa the effects of light- 
ning are concerned, as a single continued mass, 
having a beginning and an end, will probably 
surpass the comprehension of every one. It is 
difficult, however, to offer any other explanation 
of the curious phenomena just noticed, 

Franklin has given directions for the use of 
those persons who, being alarmed at lightning, 
are in houses unprotected by lightning conductors 
at the time of a Uiunder-storm, He adviees them 
to avoid the neighbourhood of chimneys, because 
lightning often enters into rooms by them, soot 
being a conductor of electricity. For the same 
reason a person should move as far as possible 
irom mett^ and from mirrors and gilded articles. 
The best place seems to be in the middle of the 
apartment, provided there is no lamp hanging 
fifom the ceiling. A person ia less exposed by 
avoiding contact with the walls and the floor, and 
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hence the safest of all expedients is to retire info 
a hammock suspended hy ^ken cords m the centre 
of a large room. When this cannot he done, it 
is advisable to place between oneself and the 
fiooT some badly conduding substance. Accord- 
ingly, a ch^ may be placed on glass, or pitoh, 
or on mattresses. These precautions certainly 
diminish the danger, but they do not wholly 
remove it. In fact, there are examples of glass, 
pitch, and several thick mattresses having been 
traversed by lightning. Besides, it must not he 
forgotten, that if the lightning does not encounter 
in a chamber a bell-wire, which will lead it out, it 
may dart from one point to an opposite point, and 
strike indiTiduals in the centre, even though sus- 
pended in hammocks. All the precautions which 
have been given may be summed up in a very few 
words. The position of safety is that in whit^ the 
body cannot assist as a conductor to the passage 
of the lightning. The position of surrounding 
bodies must therefore he attended to, and a person 
must occupy such a place, whether insulated or 
not, that the lightning will not make use of him 
as a stepping-stone in its descent to the earth. 
According to Kollet, the roofs of those belfries 



which are covered with slate are more frequently 
injured by %htiung than ^milar roofs covered 
with stone. The cause of this seems to depend 
upon the faciUty with which, during rain, the 
wood-work, and more eepetnally the planks on 
which the slates rest, become moist, lud upon the 
greater namber of iron nails r«quired to fastea 
them. 

It is common for people to close their windows 
during a thunder-storm, ia order to keep out the 
wind and the rain. In some countries, however, 
the practice is supported on superstitious grounds. 
In the Russian province of Esthonia, for exunple, 
it is the fear of leaving an entrance for the evU 
Bpirit whom God is pursuing during a thunder- 
storm, which leads to the close shutting up of a 
house, even to the smallest crevice. In some 
countries the Jews act in a manner directly the 
reverse of the Esthonians. As soon as lightning 
flashes from the sky they open their doors and 
windows, that their expected Messiah," whose 
advent they anticipate with thunder, may have free 
entrance. 

Lightning moves with such extraordinary velo- 
city, that it is not uncommon for persons to be 
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struck before the fiaeh has made any impression 
OD the eye. On this account, says Arago, " it 
appears to me that timid individuals may be 
spared many moments of anguish during thunder- 
storms, were it proved that nothing is to be appre- 
hended when the flash has been seen ;" because 
vhat is seen is nothing more than a luminous im- 
pression on the eye, produced by lightning, which, 
even before the mind is capable of recognising it, 
is already hundreds or even thousands of miles off. 
There are many recorded facts which seem to 
prove that lightning strikes before it becomes 
visible. For instance, on the 20th December, 
1752, Mr. Thomas Olivey, a farmer in Cornwall, 
who waa struck down unconscious by a fearful 
thunderbolt, neither heard the noise nor per- 
ceived the light of the meteor, so that on coming 
to himself at the end of a quarter of an hour, his 
first inquiry was, " Who struck me ?" On the 
18th of February, 1770, the Rev. Anthony Wil- 
liams was struck by a thunderbolt, which greatly 
dami^ed the parish church. On recovering, after 
having been long in a fainting state, he declared 
that he had neither seen the lightning nor heard 
ihe thunder. A gardener, who was struck dovn 
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by Uglitning near MaacheBter, told Mr. Luke 
Howard that at the moment of the amdent he 
neither saw the lightning nor heard the thunder. 
On the 17th June, 1829, two persona employed 
in repuiing the spire of Salisbury cathedral were 
struck down senseless by a viyid flash of light- 
ning, accompanied by a very loud chip of thunder. 
The men bad been engaged in forming a scaffold 
round the spire at the weather-door (a height of 380 
feet from the ground), and had fortunately just re- 
tired within the door to avoid an expected storm, 
otherwise the effects of the shock must have proved 
fatal One of the men (II. N.Reeres, whitesmith) 
was so affected by the shock as to be rendered totally 
insensible for a considerable time, at the expiration 
of which he had no recollection of even hearing the 
thunder ; the other (an older man, named Samuel 
Applin) recovered very soon, and found his right 
arm much affected by a numbness, which did not 
go off for some tune. 

There is no doubt that lightning generally strikes 
elevated places rather than lower objects, and hence 
it has been said that a house surrounded by steeples 
has nothing to fear. There are, however, many 
circumstances which may compensate, or more 
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than compensate, for the influence of superior 
height; and there are facts which prove that the 
lightning selects, as it were, a low edifice in the 
midst of tall buildings. For example, on the 15ih 
March, 1773, the lightning fell at Naples upon a 
house occupied by Lord Tilney, although this 
house was surrounded on all sides, at the distance 
of four or five hundred paces, by the towers and 
domes of a great number of churches. It may be 
added that these domes and towers were all wet 
with a heavy run. It is also well known that 
labourers have been struck with lightning close to 
hayricks and corn-stacks, which remtuned unin- 
jured though twice or three times higher than the 
sufferers. 

It has also been supposed that trees which over- 
top a house at small distances protect it from 
lightning. There is no doubt that trees have 
considerable influence on a thunder-cloud; and 
when a storm passes over a forest, it is decidedly 
enfeebled by the quantity of electricity carried ofiP 
or dispersed by the trees. Trees, however, do no 
more than diminish the power of the thunderbolt ; 
they have no protecting virtue, as the following 
&ct8 prove. On the2dSeptember, ie]6,lightnmg 
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fell at Coavray, Massachusetts, on the honse of 
Mr. John Williams, and did much mischief al- 
though in the immediate neighbourhood were a 
number of Italian poplars, of from sixty to seventy 
feet in height, whose summits overtopped the 
hoiue by between thirty and forty feet. One of 
the poplars was only six feet from the spot where 
the lightning entered the house. None of the 
trees were struck. On the 17th August, 1789, a 
storm did mudi damage to the house of Mr. 
Thomas Leiper, at his mills, near Chester, United 
States. The house stood at the foot of a tolerably 
steep ascent, within a few yards of a mill-dam. 
It was a atone building, two stories high at one 
end and three at the other. At each end were 
two stacks of chimneys rising from the roof, each 
furnished with pointed metallic conductors, which 
terminated in the ground a short distance only on 
account of the rocky soil. The lightning struck 
the western conductor, melting a considerable 
portion thereof ; part ofthe discharge then bounded 
off from the conductor (tearing off a portion of 
the roof in its progress) to a copper water-gutter, 
running under tlie eaves, and connected with a 
copper spout, fixed to the wall, and diechacging 
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the rua-water into a cedar tub, bound with iron 
hoops, standing on the grouDd. The lightning 
appears to have passed quietly along the copper 
the whole length of the gutter and epout A few 
inches below the end of the epout it tore off and 
shivered to pieces an inch board, placed for the 
purpose of guiding the water into the tub ; it 
then passed into the tub, and forced its way through 
jt to the earth, splintering the tub in many 



places. Another part of- the lightning seems to 
have bounded off in like manner to the copper 
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spoilt on the opposite side, from whicli it was 
distant six or seven feet ; it ran along the cornice, 
part of which it threw off, and coming round the 
opposite side, united with the first part of the 
discharge. It was evident, also, that a. third por- 
tion was discharged into the earth by the con- 
ductor, for the surface of the earth was thrown 
up at its termination in the ground. Towards tlie 
west the surface, at the short distance of sixty- 
yards, is at the level of the highest parts of the 
house. On this ground was an alley of large 
oaks. The storm came from the west ; and before 
attaining a perpendicular position over the house, 
it must have passed the trees, which were much 
higher than the roof and chimneys; the trees, 
however, were spared, and the house was struck. 

In considering cases of this kind, we must care- 
fully bear in mind the fact, that buildings, ships, 
and other elevated points in the earth's surface, 
exert no attractive power on the thunder-cloud. 
The elevated point must be taken in connexion 
with the great plane in which it is situated. The 
attractive forces (as already shown in Chapter 
IIL) are exerted between the plane of the sea ot 
earth and the cloud above it ; and not between the 
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spire of a church or the masts of a ship and the 
cloud ; hence the primary cause of the discbarge 
is Dot in the metala of the building or ship, as 
many persons suppose, but is out of them alto- 
gether, the exact point or line in which the air 
breaks down being determined by a variety of 
causes. The elevated points of a building or ship 
may form a channel for the passage of the shock, 
but it is not the only one, and is certainly not the 
cause of the discharge, which would take place 
sooner or later, whether the ship or building were 
absent altogether. This is proved by many 
recorded cases of lightning falling close to a 
ship without touching the masts at all, and 
also by badly conducting matter being struck in 
the immediate neighbourhood of metallic con> 
ductors. For example, during the thunder-storm 
which spread over the neighbourhood of Plymouth 
on the 25th of May, 1841, one of the large granite 
clumnejs at the Royal Victualling Yard, about 
120 feet high, was rent by lightning as far as the 
copper roofing of the bakehouse in connexion 
with it ; here all damage ceased, the copper having 
free communication with the earth by the metal 
pipes fixed for carrying off the rwn. At the same 
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time the lightning fell also on the top-mast of the 
Bheer-halk off the dockyard, about a mile and 
a-half distant. 

Now it iB important to observe that this chimney, 
which had no metal in its construction, and no 
projecting point, stood within a hundred yards of 
a clock tower in the same yard, which was furnished 
with a metal vane with cross pieces of metal ; its 
dome was covered with copper, and it was fur- 
nished with a lai^e metal conductor passing to the 
ground. In the aheer-hulk a very small metallic 
wire was led along the pole top-mast, and was 
connected with the large metallic chains attached 
to the mast and sheers. The height of this pole 
was comparatively low, and it was completely 
over-topped by the neighbouring spare of the 
Comwallis, a line-of-battle ship, fully rigged and 
fitted with conductors on each of her masts. Now, 
when the disruptive discharges took place, one fell 
on the granite chimney, which had no metal in its 
construction, avoiding the clock tower, which had 
abundance of metal about it ; and the other dis- 
chai^e fell on a pole containing only a thin wire 
of metal, and not on the capacioua metallic con- 
ductors of the ship near it. 

Google ■ 
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Attempts have been made at various times to 
(lidsipate thunder-storms by kindling large fires in 
the open air, by firing cannon, and by ringing 
large bells. These efforts seem to be in no way 
effectual ; on the contrary, the ringing of bells has 
led to many serious accidents to the ringers, which 
• might not otherwise have occurred. The danger 
to the ringers is similar to that which persons are 
exposed to who take refuge under a tree during a 
thunder- storm. Lightning strikes elevated objects, 
and especially the spires of steeples. The hempen 
cord attached to the bell, and commonly imbued 
with moisture, conducts the discharge to the very 
hands of the ringers; and hence so many deplorable 
accidents. 

A German scientific writer found, in 1783, that 
in the apace of thirty-three years lightning had 
struck three hundred and eighty-six bell towers, 
and had killed one hundred and twenty-one ringers, 
besides wounding a much lai^er number. 
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CHAPTER VII. 



The general conditions of a thunder-storm have 
been already stated to conBiat in the chai^ng and 
discharging of a stratum of air, situated between 
two masses of clouds, in opposite electrical states, 
or between a mass of clouds and the earth beneath, 
also in opposite electncal states. The air obtains 
its charge of electricity in consequence of certain 
physical changes in the condition of the atmo- 
sphere, either with respect to heat, evaporation, 
currents of ^r, or other agencies not well under- 
stood. The discharge, however varioiis may be 
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the efFects resulting from it, is ia till cases 
governed by well-known laws, such as those 
elementary principles deduced from the simple 
experiments given in the second chapter ; namely, 
that bodies in opposite states of electricity attract 
each other ; that electricity travels with ease along 
good conductors, and with explosive violence along 
bad ones. 

The following beautiful and profound obser- 
vations throw considerable light on the nature of 
the electrical discharge : — 

" If we attentively examine the many recorded 
instances in. which buildings and ships have been 
damaged by lightning, the course of the discharge 
may generally be traced ; and this course is in- 
variably determined through a given line or lines, 
which upon the whole oppose the least resistance 
to the neutral izatioD of the electrical forces. Both 
space and time are, as it were, economized in the 
restoration of the electrical equilibrium ; for how- 
ever small we assume the duration of the discharge 
to be, or however limited the distance through 
which it strikes, both these quantities would 
become still leas, were other lines of transit pro- 
vided of still less resistance. This ia the leading 
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phenomenoQ of all disraptive discharges ; hence 
lightning seizes upon such bodies as lie convenient 
and ready for its purpose, absolutely avoiding other 
bodies, however near, from which it can receive 
no assistance. And it may be further observed, 
as a most wonderful and interesting fact, that at 
the instant before the explosion takes place, the 
stream of electricity, in the act of moving to restore 
the equilibrium of distribution, feels its way, as it 
were, in advance, and absolutely marks out the 
course it is about to take ; an inductive action 
being impressed upon such bodies as happen to lie 
In the line or lines of least resistance ; this previous 
induction, by a sort of foresight, determines the 
course of the discharge. Its progress, therefore, is 
not, as many ima^ne, left to the chances of the 
instant, to be, as it were, attracted or drawn aside 
by metallic bodies at any given point ; on the con- 
trary, the whole course of a stroke of lightning ia 
already fixed and settled, before the discharge 
takes place."* 

Bearing in mind the nature of a stroke of light- 
ning, as illustrated by experiment and the large 
number of cases already cited, it will be evident 

,. ..Google 
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" that any artificial elevation on the earth's surface 
is, in respect of a thunder-storm, a mere point in 
one ol^ the terminating planes of a great electrical 
disturbance. The electrical forces cannot there- 
fore be supposed to operate exclusively between 
such an elevation and a charged cloud. A building 
or ship is struck by lightning only in consequence 
of its being a point in one of the electrified 
surfaces ;" a mass of matter accidentally placed in 
a position favourable for the union of the two 
opposite electricities in a given direction. In all 
cases the electrical dischai^e falls upon those 
bodies which tend to assist its progress; if any 
damage is done it is in places where the line of 
good conductors is brokeu. In order, therefore, 
to protect buildings and ships from damage by 
lightning, it is necessary to provide a continuous 
line of conduction for transmitting the electricity 
to the earth, — an idea first suggested by Franklin, 
immediately after the identity between lightning 
and common electricity was established. 

The first lightning conductor in England was 
erected in 1762, by Dr. Watson, at PayneshilL 
In Roman Catholic countries there was con- 
siderable difiSculty in introducing lightning-rods. 
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on account of the superstitions of the populace. 
About the year 1776, Morveau caused metallic 
conductors to be erected on the house of the 
Academy of Sciences at Dijon. He was violently 
attacked for his presumption, and a mob assembled 
to pull down the heretical conductors, as they were 
called, and much mischief would probably have 
been done but for the assurance of the secretary 
that the gilded points of the conductors had been 
purposely sent from Bome by the Pope. A similar 
occurrence took place at Sienna. The cathedral 
church having been repeatedly damaged by light- 
ning, a metallic rod was erected, but this was 
regarded with much terror by the inhabitants, who 
requested that the "heretic rod" might be taken 
down. On the 10th April, 1777, however, a 
thunder-storm occurred, and a heavy discharge of 
lightning fell on the tower without doing the 
slightest dami^e. The people now began to 
regard the heretic rod with more confidence, and 
it is worthy of remark that the church has never 
suffcTed from lightning since its erection. 

In the application of metallic rods it will be 
borne in mind, that a building or a ship is a 
iiystem of good and bad conductors generally ^tei> 
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nating without much method. A structure 
formed eDturely of good conductors, such as an 
iron steam-boat. Is perfectly safe from the attacks 
of lightning. So also a man in armour is safe 
during a thunder -atorm, from the great conducting 
power of his covering. The application therefore 
of lightning conductors to huildinga and shipping 
may be considered aS effectual, if a somewhat 
sinular conducting power be given to them 
throughout their mass. 

lu the erection of a lightning rod there are 
many conditions to be attended to : and_^raj!, with 
respect to the material employecl ; metal will of 
course be preferred to any other substance, on 
account of its superior conducting power. Metals, 
however, vary in conducting power to a very con- 
siderable extent. If the conducting power of lead 
be taken as 1, that of tin will be 2 ; or, in other 
words, tin conducts electricity twice as well as 
lead; iron nearly two and a half times as well, 
zinc four times, and copper twelve timee. There 
is no doubt, then, that according to this comparison 
copper is the beat material for lightning con- 
ductors. It is certainly more expensive than iron ; 
but iron is liable to rust, and on account of 
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ita low conducting power is more easily melted by 
a discharge of lightning than copper. An electrical 
explosion which only melts a copper wire of a 
given diameter, would entirely destroy an iron 
wire of twice that diameter, 

In the second place, the conductor must form one 
unbroken line throughout ite whole extent; this 
condition has been already sufificiently explained. 
In the third place, the metal composiDg the con- 
ductor must expose as great an extent of surface 
as possible, consistently with strength and 
durability. This is necessary on account of the 
great heating power of the electrical discharge, 
for the heat developed by a passing shock is four 
times as great when the quantity of electricity is 
doubled, and only one-fourth as great when the 
diameter of tlie wire is doubled. The conductors 
for buildings, recommended by Sir W. Snow 
Harris, consist either of wide bands of copper, 
or of copper pipes from one to two inches in 
diameter, the metal of which they are formed 
being about one-fifth of an inch thick. It is 
prepared in lengths of about ten feet, which are 
united by means of short intermediate pieces fur- 
nished with screws. The conductor is supported 
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against the wall of the building by 
meane of coupling pieces, or rings, as 
shown in the figure. The upper ex- 
tremity, which should project freely 
into the air, should be pointed some- 
what like a bayonet ; this pointed ex- 
tremity may be about eighteen inches 
long, and three quarters of an inch in 
diameter: it is screwed into a solid 
plug fixed in the tubing. In cases 
where metallic vane-spindles, or other 
metallic points, exist, the rod may com- 
mence at once from them. The lower 
extremity of the rod has three divergent 
branches, which should pass under the 
surface of the ground, and if circum- 
stances permit, be connected with a 
spring of water, a dr^n, or some other 
conducting channel. The conductor 
must he applied immediately to the 
part to he defended, and not at a short 
distance from it. It must he attached 
to the most prominent points of the 
building, and if the length be very considerable, 
the diameter of the rod should he increased. In 
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extensiTe nmges of buildings all the most pro- 
minent parts should be furnished with conductors, 
and so connected by horizontal lines running along 
the ridges of roofs, &c., that a discharge of light- 
ning falling on the general mass of the building 
could not possibly find its way to the ground by 
any circuit of which the conductor did not form a 
part. On this account all great masses of metal in 
the neighbourhood of the conductor, which offer 
other possible lines of discharge, should be united 
with it; if thb be done, no more of the discbarge 
can pa^ in the direction of such masses than can 
be transmitted without damage. 

In the United States of America thunder-Btorats 
are freq^uent; the houses are commonly covered 
with metal, and are rendered perfectly secure from 
lightning by connecting the metallic roof witii the 
ground by means of the tin or copper gutters 
which serve to lead the water from the roof to the 
earth. For this purpose it is sufficient to solder 
to the lower end of the gutter a riband of sheet 
copper, two or three inches wide, and continue 
it out from the house until it terminates in moist 
ground. The upper enda of these gutters are 
generally soldered to the roof; bnt if they are not 
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m metallic contact, the two are joined by a slip t^ 
dteet copper. The only pnrt of the bouse un- 
protected hy this arrangement will be the chimneys; 
and in order to secure these it is only necessary to 
erect a short rod against the chimney, soldered at its 
lowerend tothe metal of the roof, and extending aix- 
teen or twenty inches above the top of the flue. 

It was long a favourite question as to how far 
the protecting power of a lightning rod extends. 
Leroy stated, in 1788, that a conductor protected 
a horizontal space around it equal to somewhat 
more than three tiniea the height of the metal rod 
above the building to which it was attached. The 
physical section of the Academy of Sciences of 
Paris, on being consulted by the Minister of War 
in 1 823, expressed their opinion that a lightning 
conductor protects around it a circular space of 
which the radius is equal to the height of the rod. 
Other French writers state that the protecting 
influence of a metallic conductor extends over a 
space the radius of which is equal to double the 
height of the rod above the highest point of the 
building or ship to which it is attached. 

Such calculations as these seem to be founded on 
erroneous ideas as to the nature of a thunder-storm. 
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It has been already shown that the forces in opera- 
tion are distributed over a great extent of surface, 

and that the point or points upon which the light- 
ning strikes depends upon a peculiar electrical 
condition of the air between the clouds and the 
earth, and does not depend upon the presence of a 
metallic body projecting into the air. If the air in 
the immediate neighbourhood of a tall building or 
a ship be in that excited state which is favourable 
for a disruptive discharge, such a discharge will 
take place upon the building or ship ; and if any 
damage results, its amount will depend upon the 
conducting power of those bodies ; if the conduct- 
ing power be low, if masses of metal alternate 
with bad conductors, the expansive action of the 
electricity will be exerted with fearful effect, as in 
the numerous caaes already cited ; but if, on the 
contrary, the building or the ship be armed with 
cajjacious metallic conductors properly arranged, 
snch conductors will determine the course of the 
discbarge, and convey it to the earth or to the sea 
without the slightest damage to the surrounding 
conducting bodies. 

The examination of a few cases will show that a 

radius of protection in lightning rods does not exist 

q2 
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in nature. In May 1847 H.M. corvette ZHda, 
furnished witli HamB's complete system of oon- 
ductors, was struck by lightniug in the course of 
her passage to Kew Zealuid, during a very severe 
thunder-storm, accompanied with heavy rwn but 
with little wind. Soon after daybreak a vivid and 
fierce discharge fell, in a double or forked current, 
upon the main-royal-maet ; one of the branches 
struck the extreme point of the royal yard-arm, 
and, in its course to the conductor on the mast, 
demolished the yard, and tore in small pieces, or 
scorched up, the greater part of the sail ; the other 
part fell on the vane, spindle and truck, which last 
was split open.* In this case the conductor on 
the mast did not protect the yard-arm, and it was 
Bot until the conductor had, as it were, got com- 
plete possesion of the electrical discharge that the 
protection became app^ent ; the lightning then 
freely traversed the whole line of the conductor, 
from the mast-head downward, without doing iiir- 
tber damage. It vaniBhed, as it were, in the aea, 
being effectually conducted through theship, whidi, 
nevertheless, felt the shock through her whole 
frame. No one on board was injured; and the 
* See the EagraTing ftt p. 216. 

Google 
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conductor was considered by the oflncers to be "a 
complete safety-valve." 

Sir W. Snow Harris, in reporting this case, al- 
ludes to the prejudice once eo common, that light- 
ning-rods a^^oc^ lightning, and, therefore, are more 
dangerous than useful. It has been proved, he 
remarks, by a large accumulation of facts, that 
metallic bodies exert no active influence in attract- 
ing or drawing lightning aside from its chosen path. 
A metallic conductor presents to the lightning a 
passive line of less resistance than that in which it 
is about to move ; so far the action of lightning- 
conductors may be within certain limits beneficial 
in preventing a discharge from falling or continu- 
ing in an inconvenient direction ; but otherwise, 
they have really no attractive power proper to 
themselves in drawing it aside, their action is con- 
aequently purely passive ; they operate in the way 
of rain-pipes, only in carrying off the discharge 
which falls on them. " They are rather the patients 
than the agents, and they can only 80 fardefend the 
bodies to which they are immediately applied. It 
is, therefore, quite impossible to defend a yard with 
its attached s^ by a conductor on the mast, should 
the course of the discharge be in that direction, 
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since we caDUot dictate to the electrical agency lion 
and in what way it shall approach the ship. Such 
projecting points are, therefore, liable to be a»- 
Buled, as in the present instance, and we cannot 
possibly protect them except by perfecting the con- 
ducting power of the yaxd, which might prove 
troublesome and inconvenient to carry out as part 
of a general system, 'although still possible to be 
done."* 

Other cases might be quoted to disprove the 
French theory of the radius of protection of light- 
ning conductors. For example : — Many ships fur- 
nished with a lightning conductor on the main- 
mast only have been struck on the foremast, and 
severely dam^;ed. An extensive range of buildinga 
furnished with a conductor proceeding from the 
highest point directly to the ground may be struck 
at one of its lower summits, which, in fact, has 
happened on several occasions. Hence it is of 
importance in ships not to trust to a conductor on 
one of the masts only, and ih ranges of buildings 

* Abridged from a pamphlet by Sir W. Snow Harris, entitled 
" Hemarkable Instaiicea of the Protection of oertAln Ships of 
H. M. NsTj from the destructive BfieetB of loghtning." Printed 
for private cireulation. 
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it is important to distribute coniiected conducting 
lines through them, in contact with pointed con- 
ductors rising into the air from different parts. 

It was at one time thought necessary to insulate 
the conductor, either by enclosing it within glass 
tubing or by attaching it to the building with 
glass supports. This is quite unnecessary ; for the 
electrical discharge never quits an easy line of 
transit, such as U furnished by a copper rod of 
eulScient size, to pass to other bodies out of such 



line. For example, if metallic cramps be em- 
ployed in the construction of a building, the 
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ligtitning striking sucli buildiDg would use these 
eramps as so maay stepping stones to facilitate ita 
descent to the earth, as in the case of St. Bride's 
Church, already noticed. But if a metallic con- 
ductor be erected, the lightning would entirely 
disregard the cramps, and descend by this the 
easiest and shortest conductor. 

There are cases, bowers, in which a cHvisioQ 
of the chaige takes place, a portion of thelightning 
- l>oun£ng off firom the conductor to other met^ie 
bodies in coDiiexi<Hi with the earth. If in the 
next figure the straight vertical line be the metallic 
conductor as before, and 
the bent lines portions of 
metallic water pipes, or 
other similar bodies pass- 
ing near it to the earth ; 
then, if the conductor be 
of small size, or terminate 
in a very dry soil, it will 
offer resistance to the di»- 
charge, apd a division is 
then very likely to take 
plaoe. Hence the neces- 
sity of oooneotii^ .the 



niVlSIOH OF THE DISCUAKOE. 233 

lightning conductors of a building with all other 
masses of metal vrhich lead to the ground. 

The division of the disehai^ into two parts is 
called the fn-fwrcation, and into three parts the 
^-furcation of lightning. A case of bifurcation 
has already been narrated. The following is 
another instance of the sajne kind : — On the 14th 
August, 1779, a church at Genoa, furnished with 
a metallic conductor, was struck by lightning. 
The conductor commenced from a stout iron rod 
tipped with a gilded copper point, projecting from 
the top of the bell tower three feet into the mr, 
and at its lower part was led out through a window 
over the roof of the church to the ground. Before 
the lightning struck the church it bifurcated, one 
of the discharges fell on the conductor, split open 
the copper point, and was then conducted to the 
earth without further damage. The other 
exploaon struck the porch at a distance from the 
conductor, descended into the church, and did 
some damage. Several persons who were in a 
room over the porch felt a violent shock, and some 
were thrown down hut not hart. 

The following is a case of trifurcation : — On 
the I7th Jane, 1781, the Poorhouse at Heoking- 
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ham Wits struck hy lightniDg, which damg^ed one 
of the extreme corners of the building, at a 
distance of nearly seventy feet from the pointed 
metallic conductors, with which the house was 
furnished. The house consisted of a central range 
of buildings and two flanks, somewhat in the form 
of the letter H. There were eight chimneys, each 
furnished with a conductor. The flash appears to 
have divided into three parts ; one part struck on 
one of the conductors and was carried off ^ a 
second fell on the extreme point of the building 
and set it on fire; a third fell on -the earth im- 
mediately in front of it. An observer who 
witnessed the descent of the lightning, saw it 
divide into " three fire-balls," as he called them. 

Such cases as these beautifully illustrate the 
value of metallic conductors ; for instead of the 
ruin and devastation occasioned by a discharge of 
lightning in their absence, the damage is very 
trifling, and even this might be altogether avoided 
by continuing the conductors in horizontal lines 
from the principal conductors, in such a way as to 
bind the whole range of buildings into one com- 
plete metallic system. 

The value of conductors is also well illustrated 
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in the followiDg case: — In May, 1837, an elec- 
trical explosion divided upon two adjoining houses 
in Chowringheei in the East Indies ; one of tiie 
houses not having a lightning rod was struck and 
damaged, whilst the adjoining house, Aimiahed 
with a conductor, escaped, although a portion of 
the discharge fell on it with great violence. The 
occupant of the unprotected house, while walking 
in the verandah, saw the lightning strike his neigh- 
bour's conductor, and at the same time strike his 
own house. Tho distance between the conductor 
and the damaged house was sixty-six feet- 
It will be seen from the foregoing details that 
the apphcation of lightning conductors to buildings 
presents little or no difficulty. The application of 
metallic conductors to ships is, however, a far more 
difficult and complicated task, " because the masts 
and rigging, the only parts to which they can be 
applied, are both subject to frequent change and 
derangement. Tlie masts, although erect, consist 
of distinct portions; these it ia often requisite to 
move one on the other, and sometimes to remove 
altogether. To construct and apply a conductor 
to a ship, such as may be permanently fixed, of 
great capacity, and require no handling or attention 
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on the part of the crew, would seem at first' a 
problem of no small difficulty." 

Soon after the application of metallic con- 
ductors to buildings, attempts were made to 
furnish ships with a similar means of protec- 
tion. In the year 1762, Dr. Watson recom- 
mended to the Admiralty a form of conductor, 
consisting of long links of copper rod, about 
one-foiu*th of an inch in diameter, united by 
small eyes turned in each extremity : the 
chain thus formed being tied to a rope, and 
thus attached to the mast-head, whence it 
proceeded over the side of the ship into the sea. 
This suggestion was immediately adopted, 
and a chain conductor supplied to every ship 
in the royal navy. It was packed in a box, 
to be used as occauon required. 

Such a conductor would doubtless con- 
tribute to the preservation of a ship, sup- 
posing it were in its place during a thunder- 
storm, and that the stroke of lightning fdl 
on the mast to which it was applied. It a, 
however, impossible to ensure either of these 
conditions. A storm has often overtaken and 
damaged a ship before the conductor could be 
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unpacked,* and the lightning has struck and 
shivered the foremast, to which no conductor 
was applied, avoiding the m^nmast, which was 
protected. Besides this, the links of a chain- 
conductor offer more resistance to the passage of 
the electric fluid than a continuous band or line 
of metal : hence the links are liable to be shattered, 
and the metal to be fused. This has happened in 
seyeral cases. For example, on the 26th January, 
1838, lightning fell on H. M. ship DuhUn, at 
Rio de Janeiro. Several portions of the linked 
copper conductor, with which the ship was fur- 
nished, were melted, and fell on the deck ; other 
parts, which remained attached, appeared as if they 
had been exposed to a very fierce heat. 

In the year 1824, the French employed wire 
conductors, twisted together in the form of ropes, 
rhey were applied in the form of rig^ng, from the 
vane-rod to the ship's aide, where they were con- 
nected with a plate reaching to the sea. There are 
many objections to conductors of such small dimen- 
uons applied ae rigging, and dependent on the s^lora 
for their due apphcation. Without stopping to 
* ThU happened in the csie of the Kew Tgi^ packet, qaoted 

■t p. ao. 
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poiDt out their ineflficiency aa mere conductors, 
the circumstance of acraoging, diBpla^ing, and 
nltering their position according to the varying 
circumstaDces of the ship, ie of itself a sufficient 
objection. " Let any one picture to himself a 
heavy gale, a pitchy dark night, squalls of wind 
with lightning and thunder, — a very common 
case, — and that it becomes necessary to make 
certain changes in the masts and sails; as, for 
example, to strike the topgallant masts and get 
them on deck." In this case the men are ne- 
cessarily exposed aloft, and have to disengage the 
conductor and the truck to which it is attached. 
If, at the time, the ship be etruck by lightning, 
the men must either be killed or seriously hurt. 
Indeed there are many cases which show the great 
danger of handling such conductors in thunder- 
storms. Three seamen, in the act of applying a 
linked conductor on board one of the American 
dupft~of'War in the Mississippi, were struck dead. 
In the year 1821, Sir W. Snow Harris sub- 
mitted to the Lords of the Amiralty a plan for 
protecting ships from the ravages of lightning. 
This plan was founded on a scientific as well as a 
technical knowledge of the exigencies of the case, 
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and consisted in the application of condacton 
under a form so capacious and so permanently 
fixed, OS to render them an integral part of the 
vessel, and independent of the crew under all 
circumstances. According to his plan the masts 
themselves are converted into lightning conductM-s, 
" by incorporating with them a double set of copper 
plates, in such a way as to produce an elastic me- 
tallic line along their surface, capable of resisting 
any strain which the spars themselves could sup- 
port ; and, finally, to connect these plates with 
bands of copper leading through the side under 
the deck-beams, and with the lai^e bolts leading 
through the keels and keelson ; and including, by 
other connexions, all the principal metallic masses 
employed in the construction of the hull ; thus 
rendering the ship quite safe from any discharge 
of lightning which would be likely to fall upon it, 
by bringing the whole fabric as nearly as possible 
under the conditions most favourable to perfect 
security." 

The bands of copper employed for these con- 
ductors are four feet in length, and vary from one 
snd a half to five inches in width, and from one- 
eighth to- one-sisteenth of an inch in thickness. 
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Holes are drilled in them at distances of six inchea 
apart, hj which they are secured to the masts hy 
short copper nails. A shallow groove is plough^ 
out in the after side of each mast, and the plates 
being slightly curved, to suit the form of the mast, 
are properly fixed into these grooTes, so that they 
are closely incorporated with the round of the 
spar, and form, as it were, a portion of it. The 
plates are inserted into the grooves in a double 
series, placed so as to allow the joints of every 
two plates to fall upon the centre of another plate, 
immediately above or below it. The method of 
fixing these plates is extremely expeditious and 
easy, whilst the expense bears a very small pro- 
portion to the value of the ship, and quite vanishes 
when we consider how important is the protection 
afforded. " The cost of a first-rate, with all her 
stores, is not less than 170,000'.; she carries iiill 
nine hundred men, and she is intended for the 
defence of one of the greatest maritime nations 
which has ever existed. Now, the protection of 
this splendid machine against one of the most 
fearful calamities to which she is exposed, may be 
attained at a cost of less than 100^., i.e. the 
expense of labour in fixing the conductors to the 
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ehip, and the loss upon the wear of the copper 
material, which ie always reconvertible, and of a 
constant value. Her Majesty's navy once furnished 
with Buch conductors, as an integral part of the 
ehip, little or no further expense will be requisite, 
as the hulls will be always ready to receive mastg 
fitted with the same conductors which have been 
already used in other ships, whose services have 
for the time ceased ; it is hence a mere affiur of 
transfer from ship to ehip." 

It is not necessary to follow out the minute 
details given by Sir W. Snow Harris, for fitting 
these conductors to the difierent parts of war and 
merchant ships. Those who require further infor- 
mation, can consult his able treatise on the subject. 
The principle upon which this system of fixed and 
continuous metallic condactora rests has been 
sufficiently explained, and a few details illus- 
trative of the complete success of this system will 
be of more interest to the general reader. These 
conductors have been adopted in the British navy, 
and during more than twenty yejtfs ships furnished 
with them have navigated almost every clime, and 
have encountered thunder-storms of various degrees 
of severity. Many ships have been struck by 
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lightning, and yet no damage has been done : ftsr 
hj means of these conductors the terrific lightning 
has been in most cases reduced to a harmless and 
insensible current, of momentary duration, running 
down the conductor into the sea, as water would 
run down a pipe placed so as to conduct it ; and 
in those cases where the ship has been strut^ so 
severely, that, to use the expressiye language of 
one of the officers, " she actually reeled under the 
force of the discbai^e," instead of the wreck and 
devastation which would certainly follow the 
absence of conductors, and, probably, the presence 
of inefficient cmes, no sort of damage has occurred. 
In proof of this a few of the numerous cases 
which have been published may be quoted. In a 
communication to the Nautical Magadne, Captain 
Sullivan, R.N., describea the effects of a discharge 
of lightning whicb fell on H. M. ship BeagU, at 
Monte Video, and which he witnessed during hie 
period of duty on deck. " Having," says he, " beea 
on board lEs Majesty's ship Thetit at Rio de 
Janeiro a few years since, when her fore-maat was 
entirely destroyed by lightning,* my attention wan 

t This c*ae is d«eciibad at page lU. 

Goo;,lc 
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always very particularly directed to approaching 
electrical Btoims, and espeiually on the occa^on 
now alluded to, ae the storm was unusually serere. 
The dashes succeeded each other in rapid succes- 
sion, and were gradually approaching ; and ae I 
wae watching aloft, the ship became apparently 
wrapt in a blaze of fire, accompanied by a simul- 
taneous crash, which was equal, if not superior, to 
the shock I felt in the TkeHt. One of the electrical 
douds by which we were surrounded had burst on 
the vessel, and as the m^maat at the instant 
appeared to be a mass of fire, I felt certain that 
the lightning had passed down the conductor on 
that mast. The vessel shook under the explosion, 
and an unusual tremulous motion could be dis- 
tinctly felt. As soon as I had recovered from the 
surprise of the moment, I ran below to state what 
bad happened, and to see if the conductors had 
been affected, when just as I entered the goo- 
room, Mr. Rowlett, the purser, ran out of his 
cabin (along the beam of which a main branch of 
the conductor passed), and said he was sure the 
lightning had passed along the conductor, for at 
the moment of the shock he heard a sound like 
rushing water along the beam. Kot the slightest 
B 2 
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iU consequence was experienced, and I cannot 
refrain irom expressing my conviction that, but 
foT the conductor, tbe results would have been 
serious." 

A terrific explodon of thunder and lightning 
fell on the munmaet of the Fugardon the evening 
of Saturday, the 26th September, 1S46, whilst at 
anchor in the Niaqually river, in the Oregon 
territory. 

Prom a careful review of the official and other 
documents relating to this case, it is apparent that 
the ship experienced one of those bifurcated di^ 
charges of lightning so frequently observed at the 
instant of a vivid and intense explosion falling on 
elevated bodies. The current of lightning evidently 
divided on approaching the mast, and struck 
simultaneously on the vane-spindle aloft, and on 
the lower mast, from three to thirteen feet above 
the deck, — as represented in the frontispiece to 
this volume. 

The fact is thus recorded in the ship's log: — 

Saturday, 26th September, 1846, p.m. 7. 45. 

" The mainmast was struck by lightning, the 

electric fluid passing down, the conductor and out 



case: of the fisoard. 245 

on both sides of the ship with a very loud explosion, 
but doing no injury." 

The following statement includee the Bubetance 
of the official letter relative to this case, forwarded 
by the Captain of the Fitgard to the Lords Com- 
misBioners of the Admiralty : — 

On the 26th inst. at 7.45 p.m., the miunmaat 
was' struck by lightning : a very vivid flash, eufr- 
ceeded by a loud report, as if a broadside had been 
fired from each aide of the ship, was observed by 
the senior lieutenant, then on deck, to strike the 
nminmast. The next morning, on examining the 
conductor along the mast, the vane-spindle was 
observed to have been fused at the point, and 
blackened one-third of the way down. There 
were no marks on the conductor of the royal or 
topgallant masts, except at the part covered by 
the cap, where it appeared blackened, and the 
heads of the nails slightly fused. The conductor 
on the main-topmast exhibited no marks whatever. 
The conductor on the mainmast, low down, was 
found to have been started from the mast in three 
places — one just above the spider hoop of the 
awning, another just below this, and another 
below this again: (according to the sui^eon's 
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meteorological report, the reBpective distances 
were, twelve and a half, seven and a half, and 
two and a half feet above the upper deck.) The 
plates of copper formiDg the conductor were 
separated at the lowest point, and thrust, as it 
were, asunder ; the edge of the groove in which' 
the plates ■ were kid was slightly rent by the 
starting of the plates, thereby causing two or 
three splinters to fall on the deck at the. time of 
the discharge. The electrical current having 
passed dovm the m^mast, took the direction of 
the branches to the bolts through the side,— one 
leadisg through the boatswain's cabin, and the 
other through the midshipmen's berth. The branch 
conductors in this ship, instead of leading directly 
to the copper sheathing, near the water's Bur&Ge> 
. as originally proposed, had been led out above it, 
to two bands of copper passing down externally 
over the ship's side ; these bands were also started 
at the ends in contact with the termination of the 
through bolts, the copper sheathing covering the 
other extremity of the band was bulged outward. 
It is also stated that a boatawEun's mate, standing 
abaft the mainmast, on the starboard side, was 
knocked dowD,and that one of the midshipmen, als0| 



CASE OF THE FISOABD. 247 

on the starboard aide, on the main-deck near the 
mast, felt himBelf thrust, as it were, aside, bat with- 
out falling. Dr. Dunn, the surgeon of the Fitgard, 
remarks in his report, that there is some difiSculty 
in determining how far th« boatswain's mate was 
struck down by the direct influence of electricity ; 
he appears rather to have fallen down by the con- 
cussion and panic of the instant. The senior lieu- 
tenant, standing close by, and within three yards 
of the mainmast, experienced no effect whatever;, 
and it is worthy of remark, that one of the gen- 
tlemen in the midshipmen's berth was leaning at 
the time of the shock with his elbow resting 
against the thin batten or casing covering the 
conductor, his bead at the same time resting on 
his hand, so that it was within a few inches of it. 
He describes the effect as being similar to the 
report of a pistol fired close to the ear, but says 
he did not experience any electrical shock, or any 
other inconvenience. Captain Duntze concludes 
his letter by observing ; " Mr. S^d, the senior 
Lieutenant, gives it as his opinion, from the 
severity of the shock, that had it not been for the 
efficiency of the conductors, the m^nmast must 
have been totally destroyed, and much serious 
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damage have occurred, io which opinion I fiiUy 
coiDcide." 

This etorm appears to have been of no ordiDary 
kind ; severe! of the piae-treee on the nei^bouring 
land were found to have been struck by the 
electrical discharge, and set on fire. The people 
on shore employed on work for the service of the 
- ship, state 'that the lightning repeatedly struck 
the ground in all directions ; the ship appeared 
covered with fire, and the whole atmosphere in a 
general blaze, with terrific bursts of thunder. 
According to Dr. Dunn's intelligent Meterological 
Kepoit, " Thunder and lightning arc not frequent 
in this pact of the world, but it would appear, that 
towards the end of autumn, when the weather 
be^ns to break, the periodical change is ushered 
in by electrical phenomena." On this occaaon 
the day had been dark and gloomy, with heavy 
falls of rain. The thunder-cloude were observed 
by the first lieutenant gradually to approach the 
ship, with frequent dischargee of lightning. The 
effect was such, when the explosion fell on the 
maet, as to cause a sort of momentary panic, 
attended by a death-like silence. Some of the 
seamen who were smoking, involuntaxily totdt the 
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pipes from their mouths, and hud them down, and 
the band, which was performing some music at the 
time on the quarter-deck, suddenly ceased. The 
first impulse was to open the cocks and let water 
into the ship for the use of the engines, under > 
an impression that; from the extreme and awful 
violence of the discharge, sometliiDg serious must 
have happened. i ^ 

Such are the principal facts in the history of 
this interesting case, and which are most important 
oa furnishing conclusive evidence of the protection 
to be derived from continuous and capacious light- 
ning conductors on shipboard, applied in the way we 
have described. Here is indisputable evidence, 
that as powerful a discharge of lightning as can be 
well imt^ncd, fell with force directly on the main- 
mast of the Fiagard, which expended all its fury 
on the conductor, and was, by its protective 
influence, led securely to the sea, without the 
slightest damf^^e or inconvenience. We trace it 
from the points on which it first struck, down to 
the very sea in which it finally vanished, and we 
find the ship unharmed and still efficient amidst 
the blaze and crash of the most terrible element 
in nature.* 

* Abridged &om Sir W. Saov Harm'B pamphlet 
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I nEIBQ — OBMITABT ELEOTBKUJ. 



One of the consequences of Franklin's capital 
experiment on the identity of electricity and light- 
ning, was the discovery of the fact that electricity 
exists in the air in other states than that of the 
thunder-storm. Franklin erected in his honee at 
Philadelphia a pointed iron rod, which he could 
insulate at pleasure. This rod was connected 
with a system of small bells, which alternately 
attracted and repelled their hammers when elec- 
trified. Whenever a cloud chained with electridty 
passed over his house near enough to a£fect the 
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conductor, the bells would ring, and inform the 
philosopher that a supply of the electric fluid was 
voting his pleasure. 

By means of this apparatus Franklin concluded 
that the electricity of the clouds was sometimes 
positive, and sometimes negative, but oftener 
negative. This scientific apparatus, however, waa 
not, in this early stage of electrical science, 
calculated to produce satisfactory results. In the 
year 1792, Mr. Bead described to the Koyal 
Society a far more perfect apparatus for observing 
the electricity of the atmosphere. It consisted 
essentially of an iron rod, from twenty to twenty- 
five feet in length, erected at the top of the 
building in which the observatory was placed, and 
carefully insulated at the points where it met the 
roof and other parts of the building. The lower 
parts of this rod were connected with an electro- 
scope, by means of a ch^n or bar capable of being 
removed at pleasure. A moveable communication 
was provided between the pointed rod and a metal- 
lic bar continued to the ground, so that in cases of 
thunder-storms, or at times when the electricity of 
the ^r was so strong as to be attended with 
danger, it could be allowed to escape to the earth 
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by connecting the pointed rod with the conductor. 
In observing the electric state of the air when it 
was strongly charged, the bar connecting the 
pointed rod with the condnctor could be brought 
BO near the latter as to allow the chief part of the 
electricity to pass through it to the ground ; at the 
same time the connexion of the electroscope with 
the pointed rod being preserved, a sufficient 
quantity of electricity would affect it to indicate 
the kind of electricity with which the air was 
charged. 

The electroscope or electrometer depends upon the 
simple laws of attraction and repulsion already ex- 
plained. If two pith balls, attached to the ends of 
a thread, be suspended on an insulating stand, 
they will of course 
hang down in contact, 
as shown in the first 
figure ; hut if we pre- 
sent an excited glass 
tube to them they will 
first be attracted, and c^^^b <^^^^ 

both will acquire a 

choice of electricity of the same kind. On 
gently withdrawing the tube, the balls will no 
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longer hang down aa in figure 1, but will repel 
each other as shown in the second figure. While 
in this state of repulsion the kind of electricity 
with which thej are charged con be determined 
by brining near them an excited glass rod or 
a stick of resin ; if the repulsion increases with 
the glass the electricity is vitreous or positiTe, 
if it increases with the resini it is resinous or 
negative. Of course, if the repulsion increases 
with the glass it will be destroy^ by the extated 
resin, or if increased by the resin, it will be 
destroyed by the glass. 

A very useful form of electrometer ha? been 
constructed on this principle. It consists of two 
slips of gold leaf, half an 
inch wide, and from two 
to three indies long, sus- 
pended by means of a 
wire in a glass cylinder. 
The wire passes through 
a glass tuba attached to 
the bottom part of a brass 
cap, which screws into the 
centre of a circular plate 
covering the cyUnder, as shown in the aoctmi- 
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paDymg improved form of coTer 
to the instrument. 

B7 means of this inetrument a 
very alight state of electrical die- < 
turboQce can be detected. If the 
cover of the instrument be gently 
struck with a silk handkerchief 
the leaves will immediately start 
asunder, showing strong repul- 
sion resulting from electricity set 
free by the friction of the metal and the silk. If 
the cover be blown upon by a pair of bellows the 
leaves will also diverge, in consequence probably 
of ihe friction of the ur upon the metal. 

An instrument of this sort connected with a rod 
springing up into the atmosphere, as in Mr. Read's 
apparatus, will nearly always indicate the presence 
of electridty. When the leaves are diver^ng, an 
excited rod of glass or a stick of resin held a short 
distance over the cover of the electrometer, will 
indicate the kind of electricity in the atmosphere. 
If glass causes the leaves to fall together, or 
dumnishes the divergence, then the atmospheric 
electricity is tugattvs ; if it increases the repolsioQ 
it is poiitive. 

DinivHi,, Google 
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By means of numerous obserratioDa with the 
apparatus just described, it was found that in 
clear weather, when there are no clouds, the 
atmosphere is always charged with positive elec- 
tricity, while the surface of the earth is negative. 
The intensity of the electricity of the air varies at 
different hours of the day. It gradually decreases 
after midnight until a short time before sunrise, 
when the intensity continues stationary for a short 
time, and then begins slowly to increase. It goes 
on increasing for some hours after sunrise until it 
attains its maximum ; it then begins to decrease, 
slowly at first, but afterwards more rapidly. This 
decrease continues for some time after the sun 
passes the meridian, when it ceases, and the 
electrical intensity is at a minimum. - It then 
begins to increase, and attains another maximum 
some time after sunset. It then contiuues to 
decrease until midnight. 

There is also an annual variation of the electrical 
intensity. The two daily points of greatest and 
smallest intensity decrease progressively from 
•Tanuary to July, and increase from July to 
January. During winter the electricity of the 
^r increases with the cold. 

,. ..Google 
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' luoommoitwithotliernietecirologicalobBerTatioDa, 
the results which have been obtained at one place 
do not neccBBarily apply to another. A yariety of 
local cauaea may esist to interrupt the uniformity. 
" SauSBure's observations show that the poeitire 
electricity of the wr haa greatest intensity in the 
moat elevated places, and in those which are best 
insulated. In the interior of buildings, under 
trees, in the streets, courts, and other enclosed and 
sheltered parts of towns, no free electricity is found 
in the ^r. In the midst of squares, and other 
open spaces in cities, on the quays, but more 
especially on bridges, it is even more intense than 
in an open flat country. In particular localities, 
such as Geneva, where fogs prevul which He low, 
and are not converted into rain, the positive 
electridty of the air is most intense." 

The negative electricity of the earth, and the 
poutive electricity of the air near it, have a constant 
tendency to combine and neutralize each other. 
In clear weather, the air to the height of three or 
four feet irom the ground is in its natural state- 
without any signs of free electricity. Above this 
positive electricity begins to be found, and its 
intennty goes on increa^ng with the height. 

-B 
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- The increaae of electrical inteneity with the 
height wits aacertaiDed in aveiy ingenioua mHoner 
by Messrs. Becquerel and Breschet. They 
ascended the Great St. Bernard, and upon one of 
the small plains in the neighbourhood of Uie 
hospice extended a piece of gummed sarcenet, 
about ten feet long and seven feet widCf upon 
which they unrolled a silk cord interlaced with 
metallic wire, measuring about 250 feet in length. 
One of the ends of the thread was put in com- 
munication with the cap of an electrometer by 
means of a loose knot, and the other was attached 
to the shaft of an iron arrow, which was then shot 
into the ^r from a well-bent bow. The arrow aa- 
it rose in the air carried the thread with it, and 
detached it from the electrometer after it had 
completely unrolled. The straws of the electro- 
meter separated more and more as the arrow rose, 
and so strong was the repulsion, that they struck 
the ^des of the glass cylinder enclosing them. 
When the cord was detached, the instrument re- 
tuned its charge of electricity, which was found 
to be positive. That the electricity was not pro- 
duced by the friction of the arrow passing through 
the air, was proved by shooting it in a horizontal 
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direction, when no effect was produced upon the 
electrometer. 

The electricity of the atmosphere in clouded 
weather, and in times of rain, hall, and snow, has 
been studied by M. Schubler, at Stuttgard, who 
arrived at the following conclusions, after a large 
number of observations: — 

First. — That in atormy weather, in rain, hiul, or 
enow, the electricity of the ur is much more 
intense than at other times. Second. — That in 
such weather tlie electricity is sometimes positive 
fmd sometimes negative, and nearly as often the 
one as the other. Third. — That in such weather 
the electricity often undergoes sudden changes 
from positive to negative, and vice cersd. Fourth. 
— That in clouded weather, unattended by storm, 
Ttaa, hojl, or snow, the free electricity of the air 
is positive. Fifth. — That the intensity of this 
electricity is greater in winter than in summer. 

The sources from which the air derives its elec- 
tricity are still a matter of doubt and discussion 
among scientific men. Indeed, the subject of 
atmospheric electricity has advanced only a few 
steps since the time when Franklin first brought 
down electricity from the thunder-cloud. 
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The electridty of the atmosphere eometimes 
hecomee visible under the moet beautiful and fan- 
tastic displays of form, light, and colour, producing 
what is called the Aurora Borealig, or Northern 
LighU. This term has been applied to the pheno- 
menon on account of the geographical character 
of the globe, which admits of its being much more 
frequently seen in the northern than in the 
southern hemisphere. In the latter the pheno- 
menon bears the name of Aurora Australia. The 
term Aurora Polaris has been su^ested as a more 
proper designaUon for both varieties. 

The Aurora Borealis consists of beams or rajs of 
light, and sometimes of arohes or crowns. The rays 
generally move with greater or less velocity through 
the sky ; the arches are sometimes single, while at 
other times several concentric ones appear. In 
the Shetland Islands these lights arc called the 
Merry Dancen, where on clear evenings they 
mitigate the gloom of the long winter nights. 
" They commonly appear at twilight near the 
horizon, and sometimes continue in that state for 
several hours without any sensible motion ; after 
which, they send forth streams of stronger light, 
which rise from the horizon in a pyramidal, undu- 
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ktlng form, shooting with great velocity up to 
the zenith, assuming columnar and other shapes. 



and varying in colour from a reddish yellow to 
the darkest russet. At other times they cover 
the whole hembphere with their flickering and 
fantastic coruscations. On these occasions their 
motions are amazingly quick, and they astonish 
the spectator with rapid changes of form. They 



262 THB THmfDEH-flTORM. 

break out in places were none were Been before* 
■Vimming briskly along the heayena; tben they 
are suddenly extinguiahed, leaving beliind a 
uniform dusky track, which again ia brilliantly 
illuminated in the same manner, and as suddenly 
leA; a dull blank. Some nights they assume the 
appearance of vast columns, exhibiting on one 
side tints of the deepest yellow, and on the other 
melting away till they become nndistinguishable 
from the surrounding sky. Tbey have generally 
a strong, tremulous motion from end to end, 
which continues till the whole vanishes. Accord- 
ing to the state of the atmosphere, their columns 
vary." They sometimes assume the hue of blood, 
and then the superstitious observer sees in them 
the portents of war, peetilence, and famine. 

The streamers of tie Aurora can be beautifully 
imitated by pas^ng a succession of electric sparks 
through a long glass tube from which the greater 
part of the air has been withdrawn by means 
of the air-pump. With a powerful electrical 
machine the effects are most brilliant, the 
whole tube being filled with flashes of light, the 
colour of which varies from that of the brifj^t 
electric spark to a beautiful violet or purple. The 
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accompanjnng figures are in- 
tended to convey a faint idea 
of theae effects. They ehow 
the transmission of continuous 
electrical streams through an 
exhausted cylinder of glass of 
above four inches in diameter, 
and upwards of six feet in 
length. When this long tube 
was moderately exhausted, and 
its extremities connected with 
the positive and negative con- 
ductors of a very powerful 
electrical machine, luminous 
streamers were produced, 
branching upon the sides of 
the tube towards the negative 
end. When the upper end 
was connected with the posi- 
tive conductor, and the lower 
end with the negative, the 
currents appeared as in A; 
by reversing this arrangement 
the effect shown in B was 
produced. As the exhaustion 
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was more complete, the distinction of ihe bnmchee 
graduall/ become less, so that finally the whole 
interior surface of the glass was covered with a 
continuous mass of wlute light* 

Lieutenant Hoodi in Captain Franklin's narra- 
tive, describea the several parts of the Aurora 
under the terms beams, Jlaskea, and archet. The 
beams are small conical pencils of light, ranged in 
parallel lines, with their pointed extremities 
towards the earth, generally in the direction <rf 
the dipping needle. Thejlaiihes, which are euddea 
in appearance and seldom last long, seem to be 
scattered beams approaching nearer to the earth, 
because they are similarly shaped and infinitely 
larger. When the Aurora first becomes visible it is 
formal like a rainbow, the light of which is funt 
and the motion of the beams undistinguishable. 
It is then in the horizon. As it approaches the 
zenith it resolves itself at intervals into beams, 
which by a quick, undulating motion, project 
themselves into wreaths, afterwards fading away, 
and again brightening, without any visible expan- 
sion or concentration of matter. Numerous fiaehee 
are seen in different parts of the sky. That this 
* Harris, FliUogophical Transactions fgr 1334 

,>8lc 
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mass, from its short distance above the earth, 
wonld appear like an arch to a person eituated at 
the horizon, may be demonstrated by the rules of 
perspective, supposing its parts to be nearly equi- 
dietant from the earth. 



The Aurora does not always make its first 
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appeaTanoe as an arch. It sometimes rises from a 
confused mass of light in the east and nest, and 
crosses the sky towards the opposite point, exhi- 
biting wreaths of beams, or coronte boreales, in 
ita way. An arch, also, which is pale and uni- 
form at the horizon, passes the zenith without 
displaying any irregularity or additional brilliancy. 
Three arches have been seen together very near the 
northern horizon, one of which exhibited beams, 
and even colours ; hut the other two were faint 
and uniform. 

With respect to the colours of the Aurora, 
Lieutenant Hood says : — " The colours do not 
seem to depend on the presence of any luminary, 
but to be generated by the motion of the beams, 
and then only when that motion is rapid and the 
light brilliant. The lower extremities quiver 
with a £ery red colour, and the upper with orange. 
Violet has been seen in the former." 

Other observers describe the colours of the 
rays or beams as steel-grey, yellowish -grey, 
pea-green, celandine-green, gold -yellow, violet- 
blue, purple, sometimes rose-red, crimson-red, 
blood-red, greenieh-red, orange-red, and lake-red ; 
some of the beame appear as if tinged with black. 
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and resemble dense columns of smoke. The 
arches are Bometimes nearly black, paeemg into 
Tioiet-blue, grey, gold-yellow, or white, bounded 
by an edge of yellow. 



Mr. Ihle, an officer of the English Copper- 
mine Company at Kaafjord, near Alten, in Fin- 
mark, describee the northern lights as making 
their appearance, for the most part, over the 
western and north-western, and over the eastern 
and north-eastern horizon ; rarely in the due north, 
and still more rarely over the southern horizon. 
The form of the northern lights is sometimes in 
stripes, and that either with a uniform division of 
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the light, or m bands vr'iih parallel streaks; and 
Bometimea in bundles of ra^s, eitber raoged in cer- 
iian lines next one anotber, or separated into unde- 
fined groups. The boundary of the stripes of light 
is sometimes sharp, sometimes obscure. More 
rarely than in the form of stripes and bundles of 
rays, the aurora sometimes appears in the form 
of undefined luminous clouds. The Mack rays of 
the northern lights — namely, sharply bounded 
stripes, surrounded by masses of light, which, 
however, are quite detached from them, are a not 
unfrequent but extremely striking phenomenon. 
Changes of temperature in the atmosphere gene- 
mlly stand in connexion with the appearance of 
brilliant northern lights ; and thus a dry cold 
occurs after northern lights, emanating from 
the eastern horizon ; while storms and snow, with 
diminished cold, follow the western aurom. 
Frequently, however, the northern lights from 
the east and west appear simultaneously, without 
the one or the other gaining the mastery, and 
then unsettled weather ensues, A variation of 
the magnetic needle generally follows the appear- 
ance of the aurora ; in the case of the eastern 
aurora, the north pole of the needle is turned 
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eafitwards, and in tbat of the western) weetwards. 
A difference of height has been distinctly observed, 
though measurenientB were not practicable. The 
rays of the aurora were eometimes Tisible below 
the clouds, and were occasionally even lower than 
the abruptly rising acclivity of the valley. The 
lower the aurora, and the nearer the zenith, so 
much the more powerful was its influence on the 
magnetic needle. There appears also to be a certain 
connection between the occurrence of atonus and 
the appearance of the northern lights. In the case 
of violent etorins occurring in sudden gusts, the 
northern lights are almost always in a state of 
flickering, rapid movement; and while at the 
periods of the greatest evolution of light the 
storm is generally much diminished, it is renewed 
in all its strength when the brilliancy of the 
aurora fades. 

A very extensive series of obaervationB on the 
Aurora Borealis, was made between September 
1838 and April 1839, by the scientific commission 
sent by the French Government to explore the 
North Seas. These observations were directed 
by M. Lottin, and were made at Boesekop, in the 
Bay of Alten, on the coaat of West Finmark. In 
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tbeir published form they occupy a large volame ; 
but it will be sufficient for our purpose to select 
a few of M. Lottin's general recapitulatory 
remarke. 

The first appearance of the aurora waB gene- 
rally noticed between the houre of four and eight 
o'clock in the afternoon, behind the upper edge of 
a light aea fog, which almost constantly prevailed in 
the bay ; this illumined edge graduslly aseumed 
the form of an arc of pale yellow light, with 
diffused edges, the extremities resting on the 
horizon. This arc enlarged upwards more or less 
slowly, its highest point being always on the mag- 
netic meridian, or nearly ho. The luminous portion 
of the arc was regularly divided by dark streaks, 
which formed it into a system of rays alternately 
extending and contracting, sometimes slowly, at 
other times instantaneously, darting out, increas- 
ing and suddenly diminishing in brightness. The 
lower parts of the rays were always the brightest 
The length of the rays was very various; they 
converged to that point of the heavens indicated 
by the direction of the southern pole of the dipping- 
needle, or, by intersecting. Formed the summit of 
a majestic dome of light. The arc would then 
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gradually extend towards the zenith, and appear 
to undergo an unduLiting kind of motion, in con- 
sequence of the rays from one extremity to the 
other, increasing exceBsively in brightness. This 
luminous effect would appear seTeral times in 



quick eucceBsion; and sometimes as soon as a 
wave of light had passed over all the rays, from 
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west to east, it woold return in the contrary 
direction, producing the appearance of a ribaiMi or 
flag agitated by the wind, as shown in the figure. 
In some cases the arc would change its form, and 
assume that of a long sheet of rays returning into 
itself, forming several graceful curves, as shown in 
the frontispiece to this chapter. The rays would 
vary suddenly in brightness, sometimes exceeding 
that of stars of the first mi^uitude ; then rapidly 
darting out, the curves formed like the folds of a 
serpent, and often of various colours, the lower 
part a blood red, the middle a pale emerald green, 
and the reminder its usual clear yellow. These 
colours were beautifully transparent, but occa- 
sionally they would fade and disappear ^ther 
slowly, or suddenly. Then the fragments of the 
arc would unite, and continue to move upwards 
towards the zenith as before. 

While the waves of light already mentioned were 
passing through the rays, new arcs were often 
formed in succession : as many as nine have thua 
been observed, their ends resting on the horizon. 
Sometimes two or more of these arcs would unite, 
and form a lai^e zone across the heavens, becoming 
fainter after passing the zenith, and vanialiing 
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towards the south. This zone, however, in some 
cases, extended from east to west ; and, uoiting with 
other rays from the south and north, formed the 
boreal corona — an appearance evidently due to the 
effect of perspective, for an observer placed at the 
same moment at a certfun distance to the north or 
sonth would see only an arc^ The corona seldom 
laats more than a few minutes, and in many auroras 
is not seen at all 

The fleeting and fantastic lights of the aurora 
seem to be under the control of terrestrial mag- 
netism, as noticed above. Capttun Franklin made 
an extensive series of observations on this subject 
during his winter residence at Fort Enterprise, 
and his results agree with those of several other 
observers. In Franklin's obsernitions, a horizontal 
compass was placed in a firm sheltered stand, fixed 
to the back wall of the house at Fort Enterprise, 
three feet above the ground, on a northern ex- 
posure; and a dipping needle was similarly fixed 
at the distance of forty feet. There was no iron 
near either of them, and the house stood on a 
sand-hill. 

The motion conunnnicated to the needle by the 
aurora was neither sudden nor vibratory. Some- 
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times it was Bimultaneoue with the formation of 
arcliee, prolongation of beams, or cert^n other 
changes of form or action of the aurora. But 
generally the effect of these phenomena upon the 
needle waa not visible immediately, but in about 
half an hour, or an hour, the needle had attained 
its greatest deviation. From this, ito return to 
its former position was very gradual, seldom re- 
gaining it before the following morning, and 
frequently not until the afternoon, imlees it was 
expedited by another arch of the aurora operating 
in a direction different from the former one. 

"Thearchesoftheauroramostcommonlytraverse 
the sky at right angles to the magnetic meridian, 
and the deviations from this direction were not 
rare ; and I am inclined to consider that these 
different positions of the aurora have considerable 
influence upon the direction of the needle. When 
an arch was nearly at right angles to the magaetio 
meridian, the motion of the needle waa towards 
the west ; thb westward motion was still greater 
when one extremity of an arch bore about 59' to 
the west of the magnetic north. A westerly 
motion also took place when the extremity of an 
arch was in the true north, or about 36° to th« 
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west of the magnetic north. A contrary effect 
was produced when the same end of an arch 
originated to the southward of the magnetic weat. 
In these cases the motion of the needle was towards 
the east. In one iustance only a complete arch 
was formed in the m^netic meridian ; in anotlier, 
the beam shot up from the m^netic north to the 
zenith ; and in both these cases the needle moved 
towards the west. 

" The needle was most disturbed on February 
13, P.M. at a time when the aurora was most dis- 
tinctly seen passing between a stratum of clouds 
and the earth, or at least illuminating the face o£f 
the clouds opposed to the observer. This and 
several other appearances induced me to infer that 
the distance of the aurora from the earth varied on 
different nights, and produced a proportionate 
effect on the needle. When the light shone 
through a dense hazy atmosphere, when there 
was a halo round the moon, or when a small snow 
was felling, the disturbance was generally con- 
siderable ; and on certain hazy cloudy nights the 
needle frequently deviated in a considerable degree, 
although the aurora was not visible at the. time. 
Our observations do not enable us to decide 
T 2 
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whether this ought to be attrihuted to an aurora 
concealed by a cloud or haze, or entirely to the 
state of the atmosphere. Similar deviations have 
been observed in the day-time, both in a clear and 
cloudy state of the sky, but more frequently in 
the latter case. Upon one occasion the aurora 
was seen immediately after sunset, whilst bright 
daylight was remaining. A circumstance to whidi 
I attach some importance, must not be omitted. 
Clouds have been sometimes observed during the 
day to aeeame the forms of the aurora ; and I am 
inclined to connect with these clouds the deviatioa 
of the needle, which was occasionally remarked at 
such times. An aurora sometimes approached the 
zenith without producing any change in the por- 
tion of the needle, as was more generally the case: 
whilst at other times a considerable alteration took 
place, although the beams or arches did not come 
near the zenith. The aurora was frequently seen 
without producing any perceptible effect on tiie 
needle. At such times its appearance was that of 
an arch, or a horizontal stream of dense yellowish 
light, with little or no internal motion. The dis- 
turbance in the needle was not always propor- 
tionate to the agitation of the aunna, but it was 

Google 
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itlwayB greater when tKe quick motion and vivid 
light were ohserved to take place in a hazy atmo- 
sphere. In a few instances the motion of the 
needle was observed to commence at the iDstant a 
beam darted upwards from the horizon ; and its 
former posidon was more quickly or slowly re- 
gained, according to circumstances. If an arch 
was formed immediately afterwards, having its 
extremitiea placed on opposite sides of the mag- 
netic north and south to the fonner one, the 
return of the iwedle was more speedy; and it 
generally went beyond the point from whence it 
first started." 

The scene of the aurora was long supposed to 
be ^tuated at a very great altitude. Euler esti- 
mated its distance at some thousands of miles; 
others have fixed its place at a few hundred miles ; 
and others, f^;^n, much lower. The question, 
however, was settled by M. Biot, from whose 
observations it appears that the apparent place of 
the aurora in relation to celestial objects is not 
fixed ; that its altitude and azimuth do not 
undergo those hourly changes to which heavenly 
bodies are subject ; and that they undergo no 
motion, in reference to the zenith or horizon, such 
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as would be produced b^ the dinrnal rotation of 
the earth. It must, therefore, be considered as 
proved, that the aurora borealia is a phenomenon 
confined to the limits of an atmosphere, and fre- 
quently coming very near the surface of the earth. 
Thus, Captain Franklin, while wintering at Fort 
Enterprise, says, " The important fact of the 
existence of the aurora at a less elevation than 
that of dense clouds, was evinced on two or- three 
occasions this night (13th February, 1821), and 
particularly at llh. 50m., when a brilliant mass of 
light, variegated with the prismatic colours, passed 
between an uniform steady dense cloud and the 
earth, and in its prc^ess completely concealed 
that portion of the cloud which the stream of light 
covered, until the coruscation had parsed over it, 
when the cloud appeared as before." Captain 
Parry, in his third voyage, notices a still more 
remarkable appearance of this kind. About mid- 
night, on the 27th January, the aurora broke out 
in a single compact mass of brilliant yellow light, 
appearing only a short distance above the land. 
" This mass of light, notwithstanding its gener^ 
continuity, sometimes appeared to be evidendy 
composed of numerous ^ncils of rays, compressed. 
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IK it were, laterallj into ooe, its limits both to the 
right and left being well defined, and nearlj'' 
verticali The light, though very bright at all 
times, varied almost conetantly in intensity, and 
this bad the appearance (not an uncommon one in 
the aurora) of being produced by one volume of 
light overlaying another, just as we see the dark- 
ness and density of smoke increased by cloud 
rolling over cloud. While Lieutenants Sherer 
and Ross, and myself, were admiring the extreme 
beauty of this phenomenon irom the observatory, 
we all simultaneously uttered an exclamation of 
surprise at seeing a bright ray of the aurora shoot 
suddenly downward from the general mass of 
light, and between us and the land, which was there 
distant only three thousand yards. Had I wit- 
nessed this phenomenon by myself, I should have 
been disposed to receive with caution the evidence 
even of my own senses, as to this last fact ; but 
the appearance conveying precisely the same idea 
to three individuals at once, all intently engi^ed 
in looking towards the spot, I have no doubt that 
the ray of light actually passed within that distance 
of us." 
It is scarcely possible to contemplate the Aurora 
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BorealiB without associatii^ sound with its livdy 
coruscatioDe and burets of light ; and there is eome 
evidence to show that peculiar noises do ocoa- 
sionally aocotnpany theae phenomena. Naime 
states that when the polar lights were -vtry bright 
he has heard a hissing and whizzing noise. Cavallo 
describes it ae a cracking noise ; Gieeeck^ who 
resided in West Greenland, says, " The polar lights 
BOmetimee appear very low, and then they are 
much agitated, and a crashing and crackling sound 
is heard, like that of an electric spark, or the 
falling of hml." In Norway, according to Captain 
Brooke, the noise which accompanies the polar 
lights is like that of a rushing wind. Gmelin 
gives an interesting account of the aurora in 
Siberia, and of the noises which accon^iany it. 
" These northern lights," he says, " begin with 
single bright pillara, rising in the north, and 
almost at the same time in the north-east, which, 
gradually increasing, comprehend a large space of 
the heavens, rush about from place to place with 
incredible velocity, and finally almost cover the 
whole sky up to the zenith. The streams are 
then seen meeting together in the zenith, and 
produce an appearance as if a vast tent was 
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expanded in the heaveiiB, glittering with gold, 
robiea, and sapplures. A more beautifiil spectacle 
oannot be painted : but whoever should see such 
a northern light (or the first time, could not 
behold it without terror; for, however fine the 
illumination may be, it is attended, as I have 
learned irom the relation of many persons, with 
such a hissing, cracking, and rushing noise through- 
out the air, as if the liu^est fireworks were playing 
off. To describe what they then hear, they make 
use of the expression epolocAi chodjat: that is, ' the 
ra^ng host is passing.'" The hunters, who pursue 
the white and blue toxee in the confines of the 
Icy Sea, are often overtaken in their course by 
these northern lights. Their d(^ are then so 
much lightened, that they will not move, but lie 
obstinately on the ground till the ncnse has passed. 
Mr. Ihle has on several occasions heard a sound 
irom the aurora. On the evening of the 28di 
January, 1840, be says, "There was distinctly 
heard a noise corresponding to the movement of 
the rays of %ht, and resembling the rustling of 
siik stuffs. The stillness which prevailed in the 
tar at the time, and which was of rare occurrence, 
left no doubt about the matter." Again, on the 
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eTening of the 22d March in the aame year, the 
weather being calm and serene, northern lights 
were observed in thin fine stripes of light across 
the heavens from west to east. In the west and 
south-west, very bright, peculiar looking, yellowish 
green, luminous douda proceeded from the horizon 
upwards, couBtantly changing in their form and in 
the intensity of their light. At the instant of the 
greatest development of light, viz,, when the 
luminons cloud wae near the zenith, there was a 
sound heard, resembling the rustling of straw or 
of cloth made of ailk. On the 21st November in 
the same year, at 5 o'clock p.m., the weather 
being calm, "the atmosphere had cleared up, and 
rays of light shot simultaneously from the west 
and east horizon with the greatest brilliancy ; at 
the zenith they whirled themselves round in a 
circle and formed crowns of light. A soft rushing 
was at the same time audible." 

Although oiu- modern Arctic travellers, Scoreaby, 
Parry, Franklin, Richardson, Hood, and Ba<^ 
had frequent opportunities of witnes^ng grand 
di^lays of the aurora, yet they never heard any 
sound accompanying it, although they do not 
dispute the testimony of older travellers. Thus 
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FranklJD eays: — "I have not heard the noise 
ascribed to the aurora, but the uniforiu testi- 
mony of the natiTes, and of the residente in thia 
country, induces me to believe that it is occa- 
sionally audible." Parry frequently listened for 
sounds from the polar lights, but never heard any. 
Hood saya : — " We repeatedly heard a hissing 
noiae, like that of a musket-bullet passing through 
the air, which seemed to proceed from the aurora; 
but Mr. "Wentzel assured us that thia noiae was 
occaeioued by severe cold succeeding mild wea- 
ther, and acting upon the surface of the snow 
previously melted in the sun's rays. The tem- 
perature of the air was then — 35" ; and in the two 
preceding days it had been above zero. The next 
morning, it was — 42°, and we frequently heard a 
similar noise. Mr. Hearn's description of the 
noise of the aurora exactly agrees with that of 
every person who heard it. It would be an absurd 
scepticism to doubt the fact any longer, for our 
observations have rather increased than diminished 
the probability of it." 

Professor Hanetein accounts for the contra- 
dictory evidence of such distinguished observers 
bj supposing that since the beginning of thia 
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century we have arrived 'at one of the " great 
pauses " of tiaa phenfu^enon, so that the present 
generatjon knows but ctanparatively Kttle of it 
from personal observation. 

Captain Lyon, while wintering with Ciq>tun 
Parry in Winter Island, endeavoured in vmh to 
detect any sound accompanying the aurora. His 
description of the polar sky in winter is so beau- 
tiful that we quote the whole passage: — "To 
describe the colours of these cloudless heavens 
would be impossible ; but the delicacy and pure- 
ness of the various blended tints excelled any 
thing I ever saw, even in Italy. The sun shines 
with A diminished lustre, so that it is possible to 
contemplate it without a painful feeling to the 
eyes, yet the blush colour which in severe frost 
always accompanies it, is, in my opinion, far mwe 
pleasing than the glittering borders which are so 
profusely seen on the clouds in warmer climates. 
The nights are no less lovely, in consequence of 
the clearness of the sky. The moon and stars 
shine with wonderful lustre, and almost persuade 
one to be pleased with the surrounding desolation. 
the Aurora Borealis does not appear affected by 
the brilliancy even of the full moon, but its light 
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oontinues still the aaine. The first appearance of 
this phenomenon is generHl^ in showers of fallinfi; 
raye, like those thrown from a rocket, although not 
80 bright ; these, heing in constant and agitated 
motion, have the appearance of trickling down the 
sky. Large masses of light succeeded next in 
order, alternating from a funt glow resembling 
the Milky Way, to the most vivid fiasbes, which 
stream and shoot in every direction with the 
effect of sheet lightning, except that after the 
flash the aurora still continues to be seen. The 
sudden glare and rapid burets of these wondrous 
showers of fire render it impossible to observe 
them without fancying that they produce a 
rushing sound ; but I am confident that there is 
no actual noise attending the changes, and that 
^e idea is erroneous. I frequently stood for 
hours together on the ice to ascert^ this fact, at 
a distance from any noiae but my own breathing, 
and thus I formed my opinion ; neither did I 
observe any variety of colour in the fiashee, which 
were to my eye always of the same shade as the 
Milky "Way and vivid sheet %htDing. The stars 
which gleam through the aurora certainly emit a 
milder ray, as if a curtain of the finest gauze were 
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interpoaed. It ie remarkable that whenever the 
weather is cahn the aurora has a tendency to 
form an arch, at whatever position it may occupy 
in the heavens. On the 29th of this month, 
[December, 1821] we were particularly gratified 
by a beautiful exhibition of this kind at near mid- 
night. A perfect arch was formed to the south- 
ward, stretching from east to west, its centre 
elevated about two degrees above the horizon. 
The night was serene and dark, which added con- 
siderably to its effect, and the appearance con- 
tinued unchanged for about a quarter of an hour ; 
but on a slight breeze springing tip, small raya 
shot occasionally to the zenith, and the lo'ch be- 
came agitated with a gentle and undulating 
motion, after which it spread irregularly, and, 
separating into the usual streamers, soon difiused 
itself over the wholesky. In stormy weather, the 
northern lights fly with the rapidity of lightning, 
and with a corresponding wildness to the gale 
which is blowing, giving an indescribable air of 
magic to the whole scene. I have never contem- 
plated the aurora without experiencing the most 
awful sensationa, and can readily excuse the poor 
untutored Indians for supposing that in the rest- 
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less motions of the northern lights they behold the 
spirits of their fathers roaming in freedom through 
lie land of souls." 



Thus have we collected together a few out of 
the vast number of facts which illustrate the 
nature of Thundet-storras, and the general elec- 
trical conditions of the air; showing how com- 
pletely we are surrounded at all times by an 
astomehing and mysterious agency, which, in the 
bond of tbe Almighty, is either silently at work 
producing the moat beneficial effects on the earth 
and atmosphere, or It is raised powerfiilly and 
audibly to bespeak His Majesty, and to do His 
will. 

" The Uiander rolls : be hnsh'd \h« prostrate world ; 
While cloud to cload retams the Bolemn hj^nn. 
Bleat ODt afresh, ;e hills ; ;e moss; rocks, 
Beiain tbe aonod; tlie broad responajre low, 
Te Talle;s, raise ; for the Great Shepheid reigns ; 
And his nnsoSbriug kingdom ;et will come. " 
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